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An Introduction to 
Programmable Logic 



A logic function, whether combinatorial or sequential, may be 
represented in Sum of Product (SOP) form by using De Morgan's 
law and Boolean Algebra. Any complex multi-level logic function 
can easily be reduced toatwo-level AND-OR configuration. This 
property of logic functions lends a very regular character, 
making it possible to implement them in a structured methodical 



way. The uniform AND-OR array-like architecture of Program- 
mable Logic Devices was conceived for a clean and efficient 
implementation of these functions, as shown in Figure 1. 

Either or both of the arrays can be programmable, constituting 
three distinct families of devices as shown in Figure 2. 
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Figure 1. Structure of Programmable Logic Devices 
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Figure 2. Structural differences between PLE, PAL and PLA 
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PLE Architecture 

The array like structure of a PROM lends itself naturally to being 
viewed as a two-level AND-OR logic circuit. The inputs to the 
PROM are fully decoded into all possible combinations in the fixed 
AND plane. Each combination (product term) is fuse connected 
to each output In the programmable OR plane. 

In terms of a PLE, a product term is equivalent to an AND gate 
equal In size to the number of inputs. Each output Is equivalent to 
an OR gate connected to all the AND gates. Programming a fuse 



then implies breaking a connection between an AND gate and 
OR gate. 

Thusa PROM (PLE) has aconvenient structure for implementing 
combinatorial logic when a large number of input combinations 
are required, or a large number of product terms per output is 
desired. Registered PROMs are ideally suited for implementing 
complex sequential machines which contain a large number of 
variables in the state equations. 




01 02 03 04 OS 06 07 OS 



Figure 3. General Block diagram of a 2Kx8 PROM 
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In terms of a Karnaugh map fora PLE, each minterm in the map 
corresponds to one product term in the PLE Two or more adjacent 
minterms cannot be combined to generate a prime implicant, or 
eliminate a logic hazard. For example, the following Karnaugh 
map implemented inaPLE will generate the functionf= ab + ab. 
The minimized function f = a as indicated by the dotted prime 
implicant can not be implemented. The PLE does not contain a 
product term with fewer than all its Inputs present. 

The absence of prime implicants in a PLE may cause logic hazards 



which may be unavoidable in asynchronous control systems. 
However these hazards are masked out in synchronous control 
systems by the registers, and are largely irrelevent in data path 
applications where only the final steady state results are looked at. 
Indeed, most applications of PLEs are in synchronous control 
systems to replace random logic. In the data paths, PLEs are used 
to generate complex functions like ALU operations, high-speed 
multiplication. Pseudo Random Number sequences. Error 
Detection codes etc. 





. INDICATES X INDICATES 

FIXED CONNECTION PROGRAMMABLE 

FUSE CONNECTION 



Figure 5. Equivalent Logic circuit. A virgin PLE has all the fuses Intact 










An Inimriuntinn tn 

grammable. For N inputs, M outputs, and P product terms in a 
PLA, the AND array containsZ x N x P programmabie crosspoint 
connections. Ali possible combinations of the inputs, taken to- 
gether, or in groups, or even a single input, can have a product 
term in the AND array. The inputs not desired in a product term 
are disconnected, by removing the corresponding crosspoint 
connection. In field programmable PLAs, this corresponds to 
electrically blowing a fusible link connection. These PLAs also 
usually contain less product terms than the maximum possible 
2’’, to conserve chip area. 



ivkarammaKlA I 

tion. This architecture is used for implementing logic functions 
with a large number of product terms of varying sizes, or a large 
number of product terms per output. 

Field-programmable PLAs are generally not very high perfor- 
mance. They are slower in speed compared to PALs and PLEs. 
A given signal must pass through two large programmable 
arrays, which increases the capacitance on the signal, and 
increases the delay. For most applications, a large number of 
crosspoints in one or another array are usually left intact, mak- 
ing the architectural flexibility redundant. 
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Rgure 7. Structure of FPLA 
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ArchiteCturO connected to only one output or OR gate, which elimi- 

nates product term sharing of PLAs. The PAL configuration has 
PAL devices are the most useful and efficient of the fuse pro- permitted several architectural innovations, making the PAL 

grammable logic family. First developed and patented by Mono- family of devices extremely useful for implementing all kinds of 

lithic Memories in 1976, the PALs have become well known for logic functions. PAL features includeoutputs with/without regis- 

their friendliness in system configurations. The programmable ,^^5 that are internally fedback to the AND array, special XOR 

AND array and fix^ OR array eliminate most of the redundan- ggjg^ jPg Qp array, arithmetic carry generate gates in the 

cies associated with PLAs. The PAL AND array is logically feedback path in the AND array, programmable I/O pins, and 

identical to a PLA AND array, with the only difference that PALs programmable output polarity, 

have fewer product terms. In the fixed OR array, each product 
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Figure 8. Structure of PAL 
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As the AND array in PALs is programmabie, logic functions can 
be minimized and logic hazards removed, by combining adja- 
cent minterms in a Karnaugh map. This group of minterms or 
implicants is implemented as a product term. Thus PAL outputs 
can be designed to be glitch-free, and ideal for implementing 
control logic. Figure 10 illustrates the absence of hazards and 
race conditions in a PAL. 



The limitation of PALs is that they have a restricted number of 
product terms per output, and fewer product terms in general. 
Certain logic functions containing a large number of product 
terms would require a large number of PAL devices to implement 
them, which increases the propagation delay and the chip count. 
For these applications. PLEs are ideal. 




X = FUStBLE CONNECTION CONTROL 



Figure 9. A section of PAL20x8 



F = a 



Figure ia An arbllrary two-varlable Karnaugh map for a PAL 
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PLEa and PALS 

PLEs bridge the gap between the flexibility of PLAs, and the 
product term restrictions in PALs. Those applications for which 
the PALs are not suitable, the PLEs take over. Where a PAL 
typically has a large number of inputs, and a small number of 
product terms, the PLEs have a restricted number of inputs and a 
large number of product terms. Also, a PLE has a large number 
of product terms per output with full product term sharing, 
whereas PALs have a restricted number of product terms per 
output with no product term sharing. Thus PALs and PLEs 
complement each other both structurally and functionally. 

PLI Foaturoo 

• 2" product terms par output are available with n Inputs each. 

• Programmable output polarity. 

• Programmable Initialization In registered PLEs. 

• High-level functional specification of PLE systems In terms of 
logic aquations. 

• Input-to-output delays comparable to discrete logic gates 
(typically less than 15 ns). 

• PNP inputs and NPN emitter follower arrays provide hlgh- 
impedance and hIgh-output current drive. 

• Monolithic Memories’ TiW luslUe-IInk technology and ad- 
vartcad self-aligned washed-emitter bipolar process guaran- 
tees a programming yield greater than 98%. 



PLE Family 

The PLE family of devices is an extension of Monolithic Memo- 
ries' TiW PROM family. The entire line of TiW PROMs including 
the Registered parts are available in PLE configuratiorrs. High 
speed and Diagnostic versions in military and commercial 
temperature ranges are available. 



CAD Tool for PLE Dosigns 

PLEASM is a PLE Assembler written in FORTRAN 77 and avail- 
able on most mini-and microcomputer systems. It enables specify- 
ing PLE data in terms of logic equations (like those in Figure 14), 
which are assembled into a fuse-pattern format compatible with 
commercially available PROM programmers. PLEASM also 
generates a truth table from the logic equations which is later 
used as test vectors for logic simulation and verification. PLEASM 
al lows complete design customization and documentation of PLE 
systems in a simple high-level functional language. 
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Data Path Example 

In the data path, a Registered RLE can be used to implement com- 
plex functions, like a Pseudo Random Number (PRN) Generator. 
PRN sequences are useful in encoding and decoding of informa- 
tion in signal processing and communication systems. They are 
used for data encryption insecure communication links, and error 
detection and correction codes in data communication systems. 
PRN sequences are also utilized as test vectors for circuit simula- 
tion, as signal modulators in Radar range finding systems, and as 
reference white noise in many signal processing applications. 



Figure 12 illustrates a typical mechanism for generating PRN 
sequences. 

The advantage of using a PLE for implementing PRN sequences is 
thatany polynomial can bequickly customized in it. In data encryp- 
tions systems where the code is frequently changed for protection 
from unauthorized access, a PLE can be used to generates new 
code each time, or several codes can be implemented in the 
same PLE. An example of a PRN generator implemented in a 
Registered PLE is shown in Figure 13. 




Rgure 1Z A W Stage Linear Feedback Shift Register (LFSR) 



PLEASM SECTION OF 

EQUATIONS: PLE11RA8 




Figure 13. A 3-Stage Pseudo Rarwloni Number Generator Implemented In a Registered PLE 
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Parallel CRC in Registered PLEs 

Implementing a high-speed M-bit Parallel Cyclic Redundancy 
Check (CRC) code in a Registered RLE is almost trivial. Once the 
M-bIt carry look-ahead equations are detemnined, PLEASM is 
used to assemble these equations into a fuse pattern for the 
Registered PLE. 

The speed of operation of parallel CRC Implemented in Registered 
PLEs will remain the same for any generator polynomial and M. 
Increasing complexity of the carry look-ahead equations, only 
increases the number of devices required to imptement them. It 
does not decrease the speed of operation. 



To illustrate with a practical example, Figure 14 shows the 8-blt 
carry look-ahead equations for an 8-bit Parallel Implementation 
of the following generator polynomial 

G (X) = + x12 + x5 + 1 

also called the CRC-CCITT standard. These equations are derived 
in Application Note AN-125, where an implementation in 4 PAL 
devices is also shown with a maximum delay of 90 nsec. Rgure 1 6 
shows an implementation in three 24-pln Registered PLEs and 
one SSI part. The maximum delay Is 50 nsec. 



XO (n + 1) := X8 (n) ® X12(n) ® D(3) ® D(7) Chipl 

XI (n + 1) ;= X9 (n) ® X13(n) ® D(2) ® D(6) Chip2 

X2 (n + 1) ;= X10(n) ® X14(n) ® D(1) ® D(5) chip3 

X3 (n + 1) := X11(n) ® X15(n) ® D(0) ® D(4) Chip3 

X4 (n + 1) ;= X12(n) ® D3 chipl 

X5 (n + 1) := X8 (n) ® X12(n) ® X13(n) ® D(2) ® D(3) ® D(7) chipl 

X6 (n + 1) := X9 (n) ® X13(n) ® X14(n) ® D(1) ® D(2) ® D(6) chip2 

X7 (n + 1) := XlO(n) ® X14(n) ® X15(n) ® D(0) ® D(1) ® D(5) chip3 

X8 (n + 1) := XO (n) ® X11(n) ® X15(n) ® D(0) ® D(4) chip3 

X9 (n + 1) := XI (n) ® X12(n) ® D(3) chipl 

X10(n + 1) ;= X2 (n) ® X13(n) ® D(2) chip2 

X11(n + 1) ;= X3 (n) ® X14(n) ® D(1) , chip2 

X12(n + 1) ;= X4 (n) ® X8 (n) ® X12(n) ® X15(n) ® D(0) ® D(3) ® D(7) chipl 

X13(n + 1) := X5 (n) ® X9 (n) ® X13(n) ® D(2) ® D(6) chip2 

X14(n + 1) := X6 (n) ® X10(n) ® X14(n) ® D(1) ® D{5) chip3 

X15(n + 1) := X7 (n) ® XII (n) ® X15(n) ® D(0) ® D(4) chip3 



where Xi (n + 1) is the next state value of the corresponding 
register i, i = 0, ..., 15 
Xi (n) is the present value of the corresponding 
register I, i = 0, ..., 15 

D (n) is the parallel Input data bits, where n = 0, .... 7 

Rgure 14. Carry look-ahead equations for 8-blt parallel CRC with G (X). The equaUona 
are partitioned Into 3 parts for efficient bnplenientation in 3 drips 
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Figure 15. Block diagram of B-bit parallel CRC 
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OUTPUT ENABLE 




Figure 16i Diagram showing how to connect 3 Registered PLE devices to Implement B-Wt parallel CRC. The 
Error Flag Is valid on the next clock pulse after all the data has been clocked In. 

Error Flag = Xo+X-( +X2 + X3 + X4 + X5 + X5 + X7 + X8 + X9 + X^g + X.|.| + X.j2 * ^13 * *14 *15 
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PLE to PROM Cross Reference 





TEMP. 

RANGE 


PLE 

NUMBER 


INPUTS 




Commercial 




5 






5 




PLE8P4C 


8 




PLE8P8C 


8 




PLE9P4C 


9 






9 




PLE10P4C 


10 




PLE10P8C 


10 




PLE11P4C 


11 




PLE11P8C 


11 




PLE12P4C 


12 




PLE12P8C 


12 




PLE9R8C 


9 
























PLE10R8C 


10 




PLE11RA8C 


11 




PLE11RS8C 


11 




M 




PLE5P8M 


5 




litary 


PLE5P8AM 


5 




PLE8P4M 


8 




PLE8P8M 


8 




PLE9P4M 


9 




PLE9P8M 


9 




PLE10P4M 


10 




PLE10P8M 


10 




PLE11P4M 


11 




PLE11P8M 


11 




PLE12P4M 


12 




PLE12P8M 


12 




PLE9R8M 


9 




PLE10R8M 


10 




PLE11RA8M 


11 
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11 





OUTPUTS 



OUTPUT 

TYPE 



ARRAY 

SIZE 



PROM 

NUMBER 
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Three-State 


32x8 


63S081 
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Three-State 


32x8 


63S081A 
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Three-State 


256x4 


63S141A 
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Three-State 


256x8 


63S281A 


4 


Three-State 


512x4 


63S241A 


8 


Three-State 


512x8 


63S481A 
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Three-State 


1024x4 


63S441A 


8 


Three-State 


1024 X 8 


63S881A 


4 


Three-State 


2048 X 4 




8 


Three-State 


2048 x8 


63S1681A 


4 


Three-State 


4096 X 4 


63S1641A 
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Three-State 


4096 X 8 


63S3281A 
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Register 


512x8 


63RA481A 
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Register 


1024x8 


63RS881A 
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Register 


2048 X 8 


63RA1681A 
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Register 


2048 X 8 


63RS1681A 


8 


Three-State 


32x8 


53S081 


8 


Three-State 


32x8 


53S081A 


4 


Three-State 


256 X 4 


53S141A 
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Three-State 


256 X 8 


53S281A 


4 




512x 4 




8 


Three-State 


512x 8 


53S481A 


4 


Three-State 


1024 X 4 


53S441A 


8 


Three-State 


1024x8 


53S881A 


4 


Three-State 


2048 X 4 


53S841A 


8 


Three-State 


2048 X 8 


53S1681A 


4 




4096 X 4 


53S1641A 


8 


Three-State 


4096 X 8 


53S3281A 


8 


Register 


512x8 


53RA481A 
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Register 


1024 x8 


53RS881A 


8 




2048 X 8 


53RA1681A 
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Register 


2048 X 8 


53RS1681A 






















































































































Programmable Logic Element 
PLE™ Family 



Featurea/ Benefita 

• Programmabl* rtplacwnant for convontlenal TTL logic 

• Roduco* 1C InvontoilM and almpllflaa thalr control 

• ExpodHaa and aImplHlaa prototyping and board layout 

• Savaa tpaca with J Inch 8KINNYDIP* packagaa 

• Programmad on atandard PROM programmara 

• Taat and simulation mada abnpla with PLEASM toltwara 

• Low-currant PNP inputs 

• Thraa-stata outputs 

• Raliabla Tl-W fusas guarantaa >98% programming yWd 



PLE Selection Guide 



PART 

NUMBER 


INPUTS 


OUTPUTS 


PRODUCT 

TERMS 


OUTPUT 

REGISTERS 


'SPaSc”’ 


PLE5P6 


5 


8 


32 




25 


PLE5P8A 


5 


8 


32 




15 


PLE8P4 


8 


4 


256 




30 


PLE8P8 


8 


8 


256 




28 


PLE9P4 


9 


4 


512 




35 


PLE9P8 


9 


8 


512 




30 


PLE10P4 


10 


4 


1024 




35 


PLE11P4 


11 


4 


2048 




35 


PLE11P8 


11 


8 


2048 




35 


PLE12P4 


12 


4 


4096 




35 


PLE12P8 


12 


8 


4096 




40 


PLE9R8 


9 


8 


512 


8 


15 


PLE10R8 


10 


8 


1024 


8 


15 


PLE11RA8 


11 


8 


2048 


8 


15 


PLE11RS8 


11 


8 


2048 


8 


15 



* Clock to output time for registered outputs. 



NOTE: Commercial limits Specified. 
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Ordering Information 



PROGRAMMABLE 
LOGIC 
ELEMENT 
NUMBER OF INPUTS-> 
OUTPUT TYPE 
P» N 



PLE5P8 A C 

1 



R = R egiafoftd 
RA - ne gi rt sfed 
•synchrorMMM 



RS = ReoMered 
•ynchronous 



NUMBER OF OUTPUTS- 
PERFORMANCE- 
Blank - Stenderd 
A - Enhanced 



N SHRP 



^ OPTIONAL PROCESSING 
SHRP« Reliability 
Enhanced 
8S3B » MH-Std-883 
Method 5004 
and 5005 
LavetB 

-PACKAGE 

N Ptastiedip 
NS » SKINNYDIP plastic 
J - Ceramic dip 
JS = SKINNYDIP ceramic 
F » Flat Pack 
L = Leadless chip carrie 
NL = Plastic leaded chip 
carrier 
W = Cerpak 

-TEMPERATURE RANGE 



C = <rCto + 75*C 
M = -55*Cto + 125*C 



















































































Joining the world of IdeaLogic™ is a new generation of high- 
speed PROMs which the designer can use as Programmable 
Logic Elements. The combination of PLEs as logic elements with 
PALscan greatly enhance system speed while providing almost 
unlimited design freedom. 

Basically, PLEs are ideal when a large number of product terms 
is required. On the other hand, a PAL is best suited for situations 
when many inputs are needed. 

The PLE transfer function is the familiar OR of products. Like the 
PAL, the PLE has a single array of fusible links. Unlike the PAL, 
the PLE circuits have a programmable OR array driven by a fixed 
AND array (the PAL is a programmed AND array driving a fixed 
OR array). 

PRODUCT TERM AND INPUT LINES 

PLE PAL 

Product Terms 32 to 4096 2 to 8 

Input Lines 5 to 12 10 to 20 

The PLE family features common electrical parameters and 
programming algorithm, low-current PNP inputs, full Schottky 
clamping and three-state outputs. 

The entire PLE family is programmed on conventional PROM 
programmers with the appropriate personality cards and socket 
adapters. 



output enable control through synchronous and asynchronous 
enable inputs, and flexible start-up sequencing through pro- 
grammable initialization. 

Data is transferred into the output registers on the rising edge of 
the c lock. Provided that the asynchronous (E) and synchronous 
(ES) enables are Low, the data will appear at the outputs. Prior to 
the positive clock edge, register data are not affected by changes 
in addressing or synchronous enable inputs. 

Data control is made flexible with synchronous and asynchro- 
nous enable inputs. Outpute may be set to the high-impedance 
state at any time by setting E to a High or if ES is High when the 
rising clock edge occurs. When Vqq power is first applied the 
synchronous enable flip-flop will be in the set condition causing 
the outputs to be in the high-impedance state. 

A flexible initialization feature allows start-up and time-out 
sequencing with 1:16 programmable words to be loaded into the 
output registers. With the synchronous INITALIZE (IS) pin Low, 
one of the 1 6 initialize words, addressed through pinsS, 6, 7 and 
8 will be set in the output registers independent of all other input 
pins. The unprogrammed state of IS wrds are Low, presenting 
a CLEAR with IS pin Low. With all IS_column words (A3-A0) 
programmed to the same pattern, the IS function will be inde- 
pendent of both row and columrtaddressing and may be used as 
a single pin control. With all IS words programmed High a 
PRESET function is performed. 

The PLE9R8 has asynchronous PRESET and CLEAR functions. 
With the chip enabled, a Low on the PR inp ut w ill cause all 
outputs to be set to the High state. When the CLR input is set 
Low the output registers are rese t and all outputs will be set to 
the Low state. The PR and CLR functions are common to all 
output registers and independent of all other data input states. 





AND 


OR 


OUTPUT OPTIONS 


PLE 


Fixed 


Prog 


TS, Registered Outputs, 
Fusible Polarity 


FPLA 


Prog 


Prog 


TS, OC, Fusible Polarity 


FPGA 


Prog 


Prog 


TS, OC, Fusible Polarity 


FPLS 


Prog 


Prog 


TS, Registered Feedback I/O 


PAL 


Prog 


Fixed 


TS. Registered Feedback I/O 
Fusible Polarity 
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PLEASM* 

Software that makes programmable logic easy. 

Monolithic Memories has deveioped a software tooi to assist 
in designing and programming PROMs as PLEs. This pack- 
age called “PLEASM" (PLE Assembler) is avaiiabie for sev- 
erai computers including the VAX/VMS and IBM PC/DOS. 



PLEASM converts design equations (Boolean and arith- 
metic) into truth tables and formats compatible with PROM 
programmers. A simuiator is also provided to test a design 
using a Function Tabie before actuaiiy programming the PLE. 

PLEASM may be requested through the Monoiithic Memo- 
ries ideaLogic Exchange. 
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PAL 





H 

1 




m 






“OR" ARRAY _ 

(PROGRAMMABLE) ^ 










“OR" ARRAY 
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“AND” ARRAY 
RXEO 


VYVV 

03 02 01 OO 

Note; 


“AND'’ ARRAY 
(PROGRAMMABLE) 

• = Hardwired connection 
X = Programmable fuse with a diode 
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PLE^** Family 



Logic Symbols 




PLE9R8 PLE10R8 PLE11RA8 PLE11RS8 















input voltage 

Off-state output voltage 
Storage temperature ... 






.7V 

12 V 



-1.5Vto7 V 

-0.5 V to 5.5 V 

-65° to+150°C 



Operating Conditions 



SYMBOL 


PARAMETER 


COMMERCIAL 
MIN TYP* MAX 


MILITARY 
MIN TYP* MAX 


UNIT 


Vcc 


Supply voltage 


4.75 5 5.25 


4.5 5 5.5 


V 


Ta 


Operating free-air temperature 


0 25 75 


-55 25 125 


o 



Eiectricai Characteristics Over Operating Conditions 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN 


TYP* 


MAX 






Low-level input voltage 




0.8 


mm 


V|H 


High-level input voltage 




2.0 


V 


V|C 


Input clamp voltage 


Vcc = 


l| = -18mA 




-0.8 


-1.5 


Lv 


'IL 


Low-level input current 


Vcc = 


V| = 0.4 V 




-0.02 


-0.25 




l|H 


High-level input current 


Vcc = 


_< 

II 

< 

o 

o 


40 


mA 


VoL 


Low-level output voltage 


Vcc = 


IOL= 16 mA 


Com 




0.3 


.45 


V 


Mil 




0.3 


0.5 


VOH 


High-level output voltage 


Vcc = 


Com Iqh ” “3-2 mA 


2.4 


2.9 




D 


Mil Iqh “ "2 mA 




'OZL 


Off-state output current 


Vcc = 


Vq = 0.4 V 


-40 


mA 


'OZH 


Vq = 2.4 V 


40 


'os 


Output short-circuit current* 


Vcc = 5 V 


Vq = 0 V 


-20 


-50 


-90 


mA 








5P8 




90 


125 










5P8A 




90 


125 










8P4 




80 


130 










8P8 




90 


140 










9P4 




90 


130 










9P8 




104 


155 








Vcc 


10P4 




95 


140 




'cc 


Supply current 


All inputs TTL; 
all outputs open 


11P4 




110 


150 


mA 






11P8 




135 


185 










12P4 




130 


175 










12P8 




150 


190 










9R8 




130 


180 










10R8 




130 


180 










11RA8 




140 


185 










11RS8 




140 


185 





* Typical at 5.0 V Vcc 25° C T/y. 



2-8 



MonoHiMo UuIUJ MontoriM 











































PLE " Family 



Switching Characteristics over Military operating conditions 







DEVICE TYPE 


tPD (n») 

PROPAGATION DELAY 
MAX 


«PZX and tpxz (ns) 
INPUT TO OUTPUT 
ENABLE/DISABLE TIME 
MAX 


5P8AM 




25 


30 


5PBM 




35 


30 


8P4M 




40 


30 


8P8M 




40 


30 


9P4M 




45 


30 


9P8M 




40 


30 


10P4M 




50 


30 


11P4M 




50 


30 


11P8M 




50 


30 


12P4M 




50 


30 


12P8M 




50 


35 




Switching Characteristics over commercial operating Conditions 



DEVICE TYPE 


tpD (ns) 

PROPAGATION DELAY 
MAX 


tpzx and tpxz (ns) 

INPUT TO OUTPUT 
ENABLE/DISABLE TIME 
MAX 


5P8AC 


15 


20 


5P8C 


25 


20 


8P4C 


30 


20 


8P8C 


28 


25 


9P4C 


35 


20 


9P8C 


30 


25 


10P4C 


35 


25 


11P4C 


35 


25 


11P8C 


35 


25 


12P4C 


35 


25 


12P8C 


40 


30 
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PLE'“9R8 



Op«niting Conditions 



SYMBOL 


PARAMETER 


COMMERCIAL 
MIN TYP* MAX 


MILITARY 
MIN TYP* MAX 


UNIT 


<w 


Width of clock (High or Low) 


20 10 


20 10 


la 


s 


Width of preset or clear 
(Low) to Output (High or Low) 


20 10 


20 10 


ns 


[B 


Recovery from preset or clear 
(Low) to clock High 


20 11 


25 11 


ns 


*8U 


Setup time from input to clock 


30 22 


35 22 


ns 


t,(ES) 


Setup time from'ES to clock 


10 7 


15 7 


ns 


«h 


Hold time from input to clock 


0 -5 


0 -5 


ns 


«h (ES) 


Hold time from ES to clock 


5 -3 


5 -3 


■a 


Switchini 


1 ChsrSCtsriStiCS over Operating Conditions and using Standard Test Load 


SYMBOL 


PARAMETER 


COMMERCIAL 
MIN TYP* MAX 


MIUTARY 
MIN TYP* MAX 


UNIT 


•CLK 


Clock to output delay 


11 15 


11 20 


ns 


*PR 


Preset to output delay 


IS 25 


IS 25 


■a 


•CLR 


Clear to output delay 


IB 25 


18 35 


ns 


•PZX (CLK) 


Clock to output enable time 


14 25 


14 30 


ns 


tpxz (CLK) 


Clock to output disable time 


14 25 


14 30 


ns 


*PZX 


Input to output enable time 


10 20 


10 25 


■a 


*PXZ 


Input to output disable time 


10 20 


10 25 


ns 



* Typical «l 5.0 VVqc and 2$*CT^. 
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SYMBOL 



PARAMETER 



COMMERCIAL 
MIN TYP* MAX 



UNIT 



J I I L 





Width of clock (High or Low) 


20 


10 


20 


10 


ns 


*su 


Setup time from input to clock (10R8) 


30 


25 


40 


25 


ns 




Setup time from input to clock (11RA8, 11RS8) 


35 


28 


40 


28 


ns 


ts(ES) 


Setup time from ES to clock 


E3 


7 


15 


7 


ns 


ts(iS) 


Setup time from IS to clock 


25 


20 


30 


20 


ns 


‘h 


Hold time input to clock 


0 


-5 


0 


-5 


ns 




Hold time (ES) 


5 


-3 


5 


-3 


ns 


‘h (IS) 


Hold time (iS) 


0 


-5 


0 


-5 


ns 



Switching Characteristics Over Operating Conditions and using Standard Test Load 



SYMBOL 


PARAMETER 


COMMERCIAL 
MIN TYP* MAX 


MILITARY 
MIN TYP* MAX 




‘CLK 


Clock to output delay 


10 


15 


10 


20 


ns 


IpZX (CLK) 


Clock to output enable time 


17 


25 


17 


30 


ns 


IpXZ (CLK) 


Clock to output disable time 


17 


25 


17 


30 


ns 


•pzx 


Input to output enable time 


17 


25 


17 


30 


ns 


*PXZ 


Input to output disable time 


17 


25 


17 


30 


ns 



* Typical at 5.0 V Vqq and 25®C T^. 



Definition of Waveforms 




NOTES: 1 . Input pulse amplitude 0 V to 3.0 V. 

2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 

3. Input access measured at the 1.5 V level. 

4. Switch is closed. - 30 pF and outputs measured at 1.5 V level for alt tests except tp^X ^nd tpxz- 

5. tp2x 4nd tp2x(CLK) measured at the 1.5 V output level with - 30 pF. is open for high impedance to "1" test and closed for 
high impedance to "0" test. 

fPXZ ^PXZ(CLK) 4re tested with C|_ = 5 pF. is open for "1" to high impedance test, measured at Vq^- 0 5 V output level: 

Si is closed for “0" to high impedance test measured at V0i_*O.5 V output level. 

m 



2 
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PLE " Family 



Switching Test Load 



Definition of Timing Diagram 



OUTPUT O- 






Vcc 



^"2 



DONT CARE; CHANGING; 

CHANGE PERMITTED STATE UNKNOWN 






NOT 

APPLICABLE 



CENTER LINE IS 
HIGH IMPEDANCE STATE 



MUST BE STEADY WILL BE STEADY 






A M may CHANGE 



NOT 

APPLICABLE 



Definition of Waveforms 




NOTES: Apply to electrical and switching characteristics 
Typical at 5.0 V V^c 25® C T/^. 

Measurements are absolute voltages with respect to the ground pin on the device and includes all overshoots due to system and/or tester noise. 

In all PLE devices unused Inputs must be tied to either ground orV^Q. The series resistor required for unused inputs on standard TTL is NOT required for 
PLE devices, thus using less parts. 

•Not more than on output should be shorted at a time and duration of the short-circuit should not exceed one second. 



1. For commercial operating range = 200fl, R 2 = 390fl. For military operating range Ri = 300fl, R 2 = 600U. 

2. Input pulse amplitude OV to 3.0 V. 

3. Input rise and fall times 2-5 ns from 0.8 to 2.0 V. 

4. Input access measured at the 1.5 V level. 

5. Data delay is tested with switch closed. C|^ = 30 pF and measured at 1 .5 V output level. 

*P2X *8 measured at the 1.5 V output level with C|_ = 30 pF. Si is open for high-impedance to "I” test and closed for high-impedance to •'0" test, 
tpxz is measured Cl = 5 pF. Si is open for “1" to high-impedance test, measured at Voh~ 0-5 V output level; Si is closed for ”0" to high-impedance 
test measured at Vql * 0 5 V output level. 
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PLE^” Family 

Programming Instructions 



Device Description 

All of the members of the PLE family are manufactured with all 
outputs LOW In all storage locations. To produce a HIGH at a 
particular word, a Titanium-Tungsten Fusible-Link must be 
changed from a low resistance to a high resistance. This pro- 
cedure is called programming. 

Programming Description 

To program a particular bit normal TTL levels are applied to all 
inputs. Programming occurs when: 

1 . Vqq is raised to an elevated level. 

2. The output to be programmed is raised to an elevated level. 

3. The device is enabled. 

In order to avoid misprogramming the PLE only one output at a 
time is to be programmed. Outputs not being programmed 
should be connected to Vqq via 5 Kfl resistors. 

Unless specified, Inputs should be at VIL. 



Programming Sequence 

The sequence of programming conditions is critical and must 
occur in the following order: 



1. Select the appropriate address with chip disabled 

2. Increase Vqq to programming voltage 

3. Increase appropriate output voltage to programming voltage 

4. Enable chip for programming pulse width 

5. Decrease Vqux 3"^ Vqq to normal levels 

Programming Timing 

In order to insure the proper sequence, a delay of 100 ns or 
greater must be allowed between steps. The enabling pulse 
must not occur less than 1 00 ns after the output voltage reaches 
programming ievel. The rise time of the voltage on Vqq and the 
output must be between 1 and 10 V/ns. 

Verification 

After each programming pulse verification of the programmed 
bit should be made with both low and high Vqq. The loading of 
the output is not critical and any loading within the DC specifica- 
tions of the part is satisfactory. 

Additionai Pulses 

up to 10 programming pulses should be applied until verifica- 
tion indicates that the bit has programmed. Following verifica- 
tion, apply five additional programming pulses to the bit being 
programmed. 



Programming Parameters Do not test these parameters or you may program Vie device 



SYMBOL 


PARAMETER 


MIN 


RECOMMENDED 

VALUE 


MAX 


UNIT 


Vccp 


Required Vqq for programming 


11.5 


11.75 


12.0 


V 


VqP 


Required output voltage for programming 


10.5 


11,0 


11.5 


V 


•r 


Rise time of Vqq or Vqqj 


1.0 


5.0 


10.0 


V/pS 




Current limit of Vqqp supply 


800 


1200 




mA 


'op 


Current limit of Vqp supply 


15 


20 




mA 


tpw 


Programming pulse width (enabled) 


9 


10 


11 


fxS 




Low Vqq for verification 


4.2 


4.3 


4.4 


mm 


Vcc 


High Vqq for verification 


5.8 


6.0 


6.2 


a 


MDC 


Maximum duty cycle of Vqqp 




25 


25 


% 


•d 


Delay time between programming steps 


100 


120 




ns 


V|L 


Input low level 


0 


0 


0.5 


V 


9MI 


Input high level 


2.4 


3.0 


5.5 


mm 
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Programming Equipment Suppliers 


Monolithic Memories’ PLEs are designed and tested to give a 


board or a new programming moduie is inserted, the whole 


programming yield greater than 98%. If your programming yield 


system should be checked. Both timing and voltages must meet 


is lower, check your programmer. It may not be properly 


published specifications for the device. 


calibrated. 


Remember — The best PLEs available can be made unreliable 


Programming is final manufacturing — it must be quality- 
controlled. Equipment must be calibrated as a regular routine, 
ideaily under the actuai conditions of use. Each time a new 


by improper programming techniques. 


SOURCE AND LOCATION 


Data I/O Corp.* 


Stag Systems Inc. 


10525 Willows Rd. N.E. 


1120 San Antonio Rd. 


Redmond, WA 98052 


Palo Alto, CA 94303 


Kontron Electronics, Inc. 


Varix Corp. 


630 Price Ave. 


122 Spanish Village, No. 608 


Redwood City, CA 94036 


Dallas, TX 75248 


Digelec Inc. 


Storey Systems 


7335 E. Acoma DR 


3213 N. Hwy67 


Suite 103 


Suite 103 


Scottsdale, /\Z 85260 


Mesquite, TX 75150 



* ABEL software also available. 
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PLE"* Family 



Block Diagrams 

PLE9R8 PLE10R8 




PLE11RA8 PLE11RS8 




Q1 Q2 Q3 04 05 06 07 08 02 03 04 05 06 07 08 
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MONOLITHIC MEMORIES RLE PROGRAMMER REFERENCE CHART 



Source and 
Location 

Programmer 
Model(s) 

MMI Generic Bipoiar 
PLE Personaiity 
Moduie 



Socket Adapter(s) & 
Device Code 

PLE5P8/ 

PLE5P8A 



PLE11RA8 

PLE11RS8 



Data I/O 

10525 WiliowRd. N.E. 
Redmond, WA 98052 
Modei 19/29 
Modei 22 

UniPak Rev 07 
UniPakli Rev 05 
(Not aii PLEs are 
supported by eariier 
UniPak revisions) 



F18P02 
Model 22k- 
Adapter351A-064 

F18P01 
Model 22k- 
Adapter 351A-064 

F18P03 
Model 22k- 
Adapter 351A-064 

F18P05 
Model 22A- 
Adapter351A-064 

F18P65t 
Model 22A- 
Adapter351A-074 

F18P06 
Model 22k- 
Adapter351A-064 

F18P86t 
Model 22k- 
Adapter351A-074 
(300 mil pkg) 

F18P53 
Model 22A- 
Adapter351A-064 



Kontron Electronics 
630 Price Ave. 

Redwood City, CA 94063 

Model MPP-805 



Stag Microsystems 
528-5 Weddell Dr. 
Sunnyvale, CA 94089 

Model PPX 
Model PPI7 



AM110-2 
Code 21 



AM 130-2 
Code 21 



AM 130-3 
Code 21 



AM 140-2 
Code 21 



AM 140-3 
Code 21 



AM 120-6 
Code 21 



AM 100-5 
Code 21 



Digelec 

7335 E. Acoma Dr. 
Scottsdale, AZ 85620 

UP803 

FAM Mod. #12 



Varix - Suite 608 
122 Spanish Village 
Dallas, TX 75248 



DA #2 Pinout 1 A 
Switch 0-6 

DA #2 Pinout 1 B 
Switch 0-6 

DA#1 Pinout ID 
Switch 2-1 4 



DA #3 Pinout IE 
Switch 0-6 



Pinout 1 FI 7 
Switch 5-1 4 



DA # Pinout 1 L 
Switch 5-14 

DA #64 t 
Switch 0-1 2 



DA #70 t 
Switch 4-1 2 



DA #64 Pinout 47 
SwitctL0:-4 



t — Contact manufacturer for availability and programming information 




PLE introduction 



PLE Specifications 
PLEASM™ Manual 



PLE Appiications 
App Notes/Article Reprints 
Representatives/Distributors 
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PLEASM Manual 



Copyright Notices; 



COPYRIGHT 



(C) Copyright 1984 Monolithic Memories, Inc. The copying 
and distribution of this manual or the PLEASM software is 
encouraged for the private use of the original purchaser provided 
this notice is included in all copies. No commercial resale 
or outside distribution rights are allowed by this notice. 
This material remains the property of Monolithic Memories 
Inc. All other rights reserved worldwide by Monolithic 
Memories Inc., 2175 Mission College Blvd., Santa Clara, CA. 95050. 



TRADEMARKS 

The following are registered trademarks of MMI; PAL, HAL, 
PLE. MMI also has the trademarks; PALASM, PLEASM. 

The following are registered trademarks of Digital Equipment 
Corporation; VAX, VMS, PDP, RSX. 

IBM Corporation has the trademarks: IBM PC, PC DOS. 

The Osborne PC is a trademark of the Osborne Computer 
Corporation. 

UNIX is a trademark of AT & T. 

Intel/MDS is a registered trademark of Intel Corporation. 
CP/M is a trademark of Digital Research, Inc. 

MS-DOS is a trademark of Microsoft. 

SSPORTRAN is a trademark of Super soft Inc. 



DISCLAIMER 



Monolithic Memories Inc. makes no representations or 
warranties with respect to the contents within and specifically 
disclaims any implied warranties of merchantability or fitness 
for any particular purpose. Further, Monolithic Memories Inc. 
reserves the right to revise this publication and the product it 
describes and to otherwise make changes to the product without 
obligation of Monolithic Memories Inc. to notify any person or 
organization of such revision or changes. 
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Table of Contents 



Section; Title: 



0 Copyright Notices 

1 Introduction 



2 PROMs vs. PLEs 

2.1 The PROM as a Memory Element 

2.2 The PROM as a Programmable Logic Element 



3 Equipment needed and set-up functions 

3.1 Load/Go system 

3.2 Development system 



4 Running PLEASM - command descriptions 

5 PLEASM - An Example 

6 The Syntax of PLEASM 



APPENDIX TITLE 

A PLEASM Implementation Notes 

A . 1 VAX/VMS 

A. 2 IBM PC 



B 

C 

D 

E 



PROM/PLE Programmer Information 
PLEASM Error Messages 
HELP!! and where to get it 
User Customization 



MonoHthhi CHH MemoHos 



3-3 






Introduction 



PLEASM (Programmable Logic Element ASseMbler) is a software 
package developed by Monolithic Memories Inc. used for designing 
with PROM's as Programmable Logic Elements (PLE's) . PLEASM is a 
FORTRAN IV program which assembles and simulates PLE Design 
Specifications. It also generates programming formats for direct 
download to PROM programmers and can therefore be regarded as 
a tool that considerably reduces the design-to-production time . 

Key Features; 

- Assembles Logic or Arithmetic equations into a PROM 
truth table. 

- Provides INTEL HEX and ASCII HEX programming formats 
along with the hex check sum. 

- Programming formats can be directly downloaded to 
standard PROM programmers. 

- Simulates the Function Table, in the design equations. 

- Reports design errors. 

The purpose of this manual is to aid the user in running 
PLEASM and getting to know and understand all its capabilities 
It begins with an article that describes the wide range of PROM 
applications and the motivation for developing a software tool to 
aid in designing these applications. The next section states the 
system requirements for PLEASM. The next two sections give a 
detailed account of how to run the program with an explanation of 
what each of the options accomplish. This is strengthened by an 
example where all the operations have been performed on an input 
file that has the PLE specifications for basic logic gates. The 
PLEASM syntax is described next. This is best understood if this 
section is read in accompaniment with some of the design examples 
that come with the PLEASM program. 

The Appendix gives some machine specific information about 
PLEASM along with details on PROM programmers, the PLE design 
files supplied as examples, and user customization. An important 
part of the Appendix is the section on the errors detected by 
PLEASM. This should be very useful when creating your own PLE 
designs . 

The new PLEASM user should read Sections 3 to 5 initially 
and then try to run the demonstration examples. Once the user is 
ready to create his own design. Sections 2 and 6 will provide 
ideas and details of the specification format. The Appendices 
serve to provide additional supporting information on a number of 
subtleties the user should be aware of in fully utilizing the 
software . 
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PROMs vs. PLEs 

PROMs have grown steadily in size and speed since their 
introduction in 1971, when Monolithic Memories introduced the 
world's first IK bit bipolar PROM. Today, 16K and 32K PROMs are 
readily available and their speeds have improved such that the 
maximum address time (address to output) of these devices is down 
to 15-35 nanoseconds , over commercial operating temperature 
and VCC ranges. This means that PROMs can be used effectively in 
both high speed memory and logic replacement applications. 

The PROM implements a sum-of products boolean transfer 
function in which any possible input (address) combination can be 
transferred to any output variable (data out). Figure 1.1 shows 
logical structure of a typical PROM. The input Fixed-AND array is 
a decoder and the output Progr ammable-OR array is a decoder. It 
is this decoder area that is field programmable to implement any 
boolean transfer function. 

Each output of the AND array is connected to an input of the 
OR array by thin metal wire (e.g. nichrome, titanium- tungsten, 
pi at inum-s i 1 icide) which can be selectively removed from the 
circuit. This is referred to as "programming" or "blowing" a 
"fuse" . 



2.1 The PROM as a Memory Element 

Because of their high speeds, bipolar PROMs are ideal for 
use in systems requiring fast Address-to Data access times. PROM 
applications can be found in both the data and control paths of a 
system. 

In data paths, PROMs are used mainly as storage elements to 
implement different table look-up applications such as 
trigonometric functions, signal processing coefficients, 
bootstrapping and initialization programs, etc. In particular, 
the PROM can be used to advantage in the design of digital 
filters and Fast Fourier Transforms. In character generator 
applications, the PROM user has the flexibility of modifying the 
conventional fonts to his/her particular requirements. 

In control paths, PROMs are used mainly to store 
microprograms. Microprogrammed controllers may be simple PROM- 
register finite state machines or they may be complex 
microprogrammed CPUs, where the complete instruction set of the 
system resides in PROM. It is thus possible, by using PROMs for 
microprogramming, to use the same hardware to emulate the 
characteristics of various processors. 

Since most memory applications involve storing PROM memory 
data in a temporary register before it is used (pipelining), this 
has spawned a new generation of PROMs with on-board D-type edge- 
triggered registers. These registered PROMs operate faster than 
discrete PROM- reg ister combinations, and the registered PROMs 
also occupy less space. 
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2. PROHs vs. PLES 




Figure 1.1 Typical PROM structure 



A*B C»D = F4 
A + B + C + D = F3 
A • B • C • D = F2 



FUNCTION A ■ B - C ■ D - Fi 



ADDRESS 


Aq 


Al 


A2 


A3 


OUTPUT 


°1 


°2 


°3 


°4 






















0 


O 


a 


0 


0 




1 




1 




1 


1 


0 


0 


0 




1 




1 




2 


0 


1 


0 


0 




1 




1 




3 


a 


1 
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Figure 1.2 Combinatorial functions 
available in a 16x4 PROM 



Xhe. PROM SM. a. Programmable LsajjL Element.. 

The PROM implements a sum-of-products boolean transfer 
function so that any function of x inputs and y outputs may be 
generated in a PROM with x addresses and y data outputs. Figure 
1.2 shows the combinational functions available in a 16 X 4 PROM. 

The AND-OR structure of the PROM can be viewed as a two- 
level logic circuit. The fixed AND plane contains all possible 
input combinations. Each input combination is a product term and 
it is connected to the output in the OR plane. 

In terms of a PLE, a product term is the equivalent of an 
AND gate equal in size to the number of inputs. Each output is 
equivalent to an OR gate connected to all the AND gates. 
Programming a fuse blows this connection between the AND gate and 
the OR gate. The PROM thus conveniently implements combinatorial 
logic when a large number of input combinations are required or a 
large number of product terms per output is desired. 

Most applications of PLEs are in synchronous control systems 
where they replace random logic or customise logic functions. In 
data paths, they are used to generate complex functions such as 
pseudo random number generators, ALU operations, multiplications, 
reciprocals, etc. 
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3.1 Bquipment/Set-Dp 



3.1 EquiiMnent/Set-Dp for Load/Go system 

PLEASM should run with minimal modifications on the 
following CPU's provided the minimum system requirements 
mentioned later in this section are satisfied. 

Mainframe Computers 

VAX-VMS, VAX-UNIX, or IBM. 

Minicomputers 

PDP-ll/RSX or PDP-ll/RT-11 

Microcomputers 

IBM-PC/MS-DOS or the CP-M system on Radio Shack, Apple, 
Kaypro or Osborne computers. 

Other requirements are: 

Removable Media : 5.25" or 8" disks, or tape. 

Memory : 64K bytes minimum. 

One EIA RS232 serial communications port. 

PROM programmers suggested : 

DATA I/O Model 19 Programmer with Unipak. 

DATA I/O Model 29 A with Unipak. 

DIGELEC Model UP-803 with FAM 12. 

KONTRON Model MPP-80S. 

STAG Model PP17 VARIX OMNI. 

3.2 Equipment/Set-Up for Development system 

For software development and user customization of the 
program, the requirements presented earlier are necessary. 

In addition, a FORTRAN compiler/linker and another disk 
drive are necessary to create the executable version of the 
program. The compiler recommended is the Supersoft FORTRAN 
compiler which was used to develop and test the program on 
microcomputers at Monolithic Memories Inc. 

PLEASM is compatible with both FORTRAN IV LEVEL G and 
FORTRAN 77 standards. Additionally, only standard FORTRAN 
constructs are used to ensure portability to many computer 
systems . 
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versign 1.^ 



To get started with PLEASM, turn the computer ON. Check 
your directory to make sure you have the files mentioned in 
Appendix A. Once this has been verified, run the program as 
explained below with one of the example files. Our suggestion is 
to start with the file P5000.TXT which contains the PLE Design 
Specifications for the basic logic gates. Once the capabilities 
of the program have been understood, you can work with any of the 
other examples or attempt to create your own designs. 



Using PLEASM; 

Type the system's execute command to run the program. 

PLEASM will respond.... 

MONOLITHIC MEMORIES PLEASM(tm) VERSION 1.2A 
(C) COPYRIGHT 1984 MONOLITHIC MEMORIES 

WHAT IS THE SOURCE FILENAME ( d : filename . ext) ?; P5000 .TXT 

At this point enter the name of the file containing the 
specifications for the PLE being designed. If you are using this 
package for the first time, we suggest you try out one of the 
design examples that was sent along with PLEASM. PLEASM next 
prompts you for the name of the file you could have the output 
sent to, defaulting to the console.... 

OUTPUT FILENAME - PRESS <ENTER> FOR NO OUTPUT PILE ?; <CR> 

If you press <enter >/<return> the output will be sent to the 
console after each operation. At this point, the input .file is 
read, and a count of lines and characters in the file is written 
out to the screen. The next prompt is for the operation you want 
performed and is ... . 

E=ECHO INPUT S=SIMULATE T=TRUTH TABLE B=BRIEF TABLE 
A=HEX TABLE I=INTEL HEX H=ASCII HEX C=CATALOG Q=QUIT 

ENTER OPERATION CODE:£. 

You can now enter the appropriate operation code, IN UPPER 
CASE ! ! . 

The various options are briefly discussed below. 

E ECHO INPUT - Prints the input PLE specifications file. Useful 
as a ready reference while working interactively with PLEASM. 



3-8 



Monollthio IhIEI] Memories 






PLEASM Manual 



4. Running PLEASM 



S SIMULATE - Exercises the logic values in the optional function 
table in the logic equations provided. Errors in the function 
table are detected along with fairly explicit diagnostic 
messages. An important point to note is that all "don't care" 
conditions are treated as low logic values. 

This option can be successfully invoked only when a function 
table is present in the input specifications. 

T TRUTH TABLE - Prints out the entire binary truth table for all 
the input variables in the PLE by substitutions into the Boolean 
equations specified. The output has a tabular format for ease of 
reading. The program also provides a hex checksum for the entries 
in the truth table at the end. 

B BRIEF TABLE - Prints out the truth table only for the used 
input addresses in the PLE, again by substitutions into the 
Boolean equations. The output is tabulated as before, this time 
with a partial hex checksum corresponding to the possibly shorter 
table. 

A HEX TABLE - Prints out the entire truth table as before, except 
the inputs and outputs are translated into hex. Also generates a 
tabular format with a hex checksum. 

I INTEL HEX - Generates the Intel Hex format for PROM programmers 
for both 4- and 8-bit data downloading. The format is shown 
below. . . . 

rAABBBBOOCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCDD 

: — > Starting colon marker 

AA — > Record Length in hex 

BBBB — > Record starting address in hex 

C . .C — > Data 

DD — > Hex checksum 

Here all data is sent in streams of 16 8-bit bytes starting at 
OOOOH. 4-bit data is padded up with zeros in the most significant 
four places. The checksum is the negative of the sum of all 8-bit 
bytes starting at "AA" upto "DD", modulo 256. Transmission is 
terminated by the string " : OOOOOOOIFF" . 



MonoHthhg UUIul Momorias 



3-9 






PLEASM Manual 








PLEASM Manual 



5 . PLEASM - An Example 



ENTER OPERATION CODE: E 

( Echoes the input PLE Design Specifications file. This will 

( help verify that the input file has been read in correctly. 



PLE5P8 

P5000 

BASIC GATES 

MMI SANTA CLARA, CALIFORNIA 



PLE DESIGN SPECIFICATION 
VINCENT COLI 10/03/82 



01 


= 


10 










BUFFER 




02 


= 


/lO 










INVERTER 




03 


= 


10 


■k 


11 


* 12 


* 13 


AND GATE 




04 


= 


10 


+ 


11 


+ 12 


+ 13 


OR GATE 




05 


= 


/lo 


+ 


/II 


+ /I2 


+ /I3 


NAND GATE 




06 


= 


/lO 


* 


/II 


* /I2 


* /I3 


NOR GATE 




07 


= 


10 


: + : 


11 


: + : 12 


!+: 13 


EXCLUSIVE 


OR GATE 


08 


= 


10 




11 


12 


13 


EXCLUSIVE 


NOR GATE 



FUNCTION TABLE 

10 II 12 13 01 02 03 04 05 06 07 08 
; INPUT - - OUTPUTS FROM BASIC GATES 



;0123 


BUF 


INV 


AND 


OR 


NAND 


NOR 


XOR 


XNOR 


COMMENTS 


LLLL 


L 


H 


L 


L 


H 


H 


L 


H 


ALL ZEROS 


HHHH 


H 


L 


H 


H 


L 


L 


L 


H 


ALL ONES 


HLHL 


H 


L 


L 


H 


H 


L 


L 


H 


ODD CHECKERBOARD 


LHLH 


L 


H 


L 


H 


H 


L 


L 


H 


EVEN CHECKERBOARD 



DESCRIPTION 

THIS EXAMPLE ILLUSTRATES THE USE OF PLEs TO IMPLEMENT THE BASIC GATES: 
BUFFER, INVERTER, AND GATE, OR GATE, NAND GATE, NOR GATE, EXCLUSIVE OR 
GATE, AND EXCLUSIVE NOR GATE. 

NOTE ALSO THAT THREE-STATE OUTPUTS ARE PROVIDED WITH ONE ACTIVE LOW 
OUTPUT ENABLE CONTROL (/E) . 
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ENTER OPERATION CODE: S 

( This option verifies that the output entries in the 

( Function Table are correct for the given Boolean equations and 
( input vectors. Any discrepancy between the expected output 
( value as given in the Function Table and the output value as 
( computed from the Boolean equations is flagged as an error. 

( 

( The following are acceptable input entries in the Function 
( Table: 

( 

( H - High level 

( L - Low level 

( X - Irrelevant 

FUNCTION TABLE 

10 II 12 13 01 02 03 04 05 06 07 08 



INPUT 

0123 


BUF 


OUTPUTS 
INV AND 


FROM BASIC GATES 
OR NAND NOR XOR 


XNOR 


COMMENTS 


LLLL 


L 


H 


L 


L 


H 


H 


L 


H 


ALL ZEROS 


HHHH 


H 


L 


H 


H 


L 


L 


L 


H 


ALL ONES 


HLHL 


H 


L 


L 


H 


H 


L 


L 


H 


ODD CHECKERBOARD 


LHLH 


L 


H 


L 


H 


H 


L 


L 


H 


EVEN CHECKERBOARD 



PASS SIMULATION 



ENTER OPERATION CODE: T 

( Generates an exhaustive binary truth table for all the given 
( inputs by substitution in the Boolean equations. 

BASIC GATES 



ADD AO A1 A2 A3 A4 01 02 03 04 05 06 07 08 



0 LLLLL LHLLHHLH 

1 HLLLL HLLHHLHL 

2 LHLLL LHLHHLHL 



29 HLHHH HLLHHLHL 

30 LHHHH LHLHHLHL 

31 HHHHH HLHHLLLH 



HEX CHECK SUM = 00F48 
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5 , PLEASM - An Example 



ENTER OPERATION CODE: B 

( Prints the truth table for only the used input and output 

{ pins. 

BASIC GATES 



ADD 


AO 


A1 


A2 


A3 


01 


02 


03 


o 


05 


06 


07 


08 


0 


L 


L 


L 


L 


L 


H 


L 


L 


H 


H 


L 


H 


1 


H 


L 


L 


L 


H 


L 


L 


H 


H 


L 


H 


L 


2 


L 


H 


L 


L 

• • 


L 

• • 


H 


L 

• • 


H 

« 


H 


L 


H 

• • 


L 


*13 


H 


L 


H 


• • 

H 


• • 

H 


L 


• • 

L 


• 

H 


H 


L 


• • 

H 


L 


14 


L 


H 


H 


H 


L 


H 


L 


H 


H 


L 


H 


L 


15 


H 


H 


H 


H 


H 


L 


H 


H 


L 


L 


L 


H 



PARTIAL HEX CHECK SUM = 007A4 



ENTER OPERATION CODE: A 

( Generates the truth table with input and output vectors 

( translated into hex. 

BASIC GATES 



ADD HEX ADDRESS HEX DATA 



C 


000 


00B2 


1 


001 


0059 


2 

• • • « 


002 


005A 


• • • • 

29 


OID 


0059 


30 


OlE 


005A 


31 


OIF 


00 8D 



BEX CHECK SUM = 00F48 



ENTER OPERATION CODE: I 

( Generates the Intel Hex programming format for downloading 

( to a PROM programmer. 

:10000000B2595A995A999A595A999A599A595A8D4C 

:10001000B2595A995A999A595A999A599A595A8D3C 

:00000001FF 
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5 . PLEASM - An Example 



ENTER OPERATION CODE: H 

( Generates the ASCII Hex Space programming format for 

( downloading to a PROM programmer, with the required <STX>, 
( <SOH>, and <ETX> control characters delimiting the 

( transmission. 

"B^A 

B2 59 5A 99 5A 99 9A 59 5A 99 9A 59 9A 59 5A 8D . 

B2 59 5A 99 5A 99 9A 59 5A 99 9A 59 9A 59 5A 8D . 

"C 

00F48 



ENTER OPERATION CODE; Q 

( Exits PLEASM and prompts for restarting with another input 

( file. 

RESTART PLEASM (Y/N) ?: 



a 
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6 . The syntax of PLEASM 



EL£ Pesign Specif igatign; 

The PLE Design Specification is the 'input file used with 
PLEASM. It is also the recommended data sheet format for 
describing the function of a PROM, once it has acquired the 
unique personality of a particular fuse pattern. This format for 
creating an input specifications file can be best understood by 
studying the examples that come along with this package. The 
format for the PLE Design Specification is : 

Line 1 PLE part number, starting in column 1, followed by the 
words EL£ DESIGN SPECIFICATION . 

Line 2 User's part number followed by the designer's name and 
the date, starting in column 1. This may be an identifier 
that defines the application and is used for reference. 

Line 3 Device Application name, starting in column 1. 

Line 4 User's company name and address, starting in column 1. 

Lines 2-4 are without formal rules and are provided for 
documentation purposes. 

Line 5 Address pin list, prefixed by -ADD . starting in column 1. 
The pin list should be ordered LSB first. 

Line 6 Data pin list, prefixed by .DAT . starting in column 1. 
The pin list should be ordered LSB first. 

The pin list is a sequence of symbolic names separated by 
one or more spaces on one or more lines in the order of 
the device pin numbers. Each symbolic name is unique 
(except the unused pins which may have the same name) . 
All pins including power and ground must be named. Names 
may use any printable characters except the operators 
'.', ',', '=', '*', and '+' . The prefix '/' is used 
to logically complement the name. 



EQUATIONS 

The transfer function of the device is expressed in the 
following form ; 

SYMBOL = EXPRESSION 

The following terms are used to construct the 
equations : 



SYMBOL 



Pin Name with optional prefix '/' 



EXPRESSION A sequence of SYMBOLS separated by 
operators . 
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6 . The syntax of PLEASM 



Line n 



OPERATORS (in hierarchy of evaluation) 

; Coiranent follows 

. Dot operator ( pin list or arithmetic 
operator follows) 

ADD Address pins (Inputs) 

DAT Data Pins (Outputs) 

, Delimiter, separates binary bits (MSB first) 
= Equality (combinatorial) 

BOOLEAN OPERATORS 

/ Complement, prefix to a pin name 
* AND (PRODUCT) 

+ OR (SUM) 

:+; XOR (EXCLUSIVE OR) 

XNOR (EXCLUSIVE NOR) 



ARITHMETIC OPERATORS 

.*. Multiply (Arithmetic multiplication) 
.+. PLUS (Arithmetic addition) 



FUNCTION TABLE 

The function table begins with the key word FUNCTIO N 
TABLE, starting in column 1 of a line following the 
equation list. It is followed by a pin list which may 
be in a different order and polarity from the pin list 
in Lines 5 and 6’. The pin list is followed by a line 
of dashes (~'s) which is in turn followed by a list of 
vectors, one vector per line. One state must be 
specified for each pin name and optionally separated by 
spaces . 

A vector is a sequence of states listed in 
the same order as the pin list and followed by an 
optional comment. The vector list is followed by 
another dashed line. 

An important restriction is that blank lines 
are not permitted in the body of the function table. To 
separate logically distinct parts of the function 
table, however, comments can be used. In other words, 
blank lines are permitted with a semicolon (;) in the 
first column. Additionally, comments can be placed in 
this line. Extra blank lines might result in the 
simulator scanning past the end of the function table 
and detect as an error symbol, resulting in failure 
to pass simulation. 
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6 . The syntax, of PLEASM 



A function table is optional and need be 
present only for simulation to be performed. The 
keyword FUNCTI ON TABLE r however, is necessary in the 
input file. This should start in column 1, and should 
follow the equation list. 



Definition of Function Table States: 



Symbol 


Definition 


1 Input 




1 


Output 


I! 


HIGH LEVEL 


i Drive 
1 


High 


1 

1 


Test High 


L 


LOW LEVEL 


1 

1 Drive 

I 


Low 


1 

1 

1 


Test Low 


X 


IRRELEVANT 


1 

1 Don ' t 
1 


Care Condition 


1 

1 

1 


Do Not Test 



Line o DESCRIPTION (optional) 

This begins with the keyword DESCRIPTION . starting in 
column 1. The device operation and application are 
described here. All the lines following the keyword 
DESC RIPTION are treated as comments. Even though the 
lines following may be blank, the keyword DESCRIPTI ON 
is necessary in the input file for assembly. 
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6 . The syntax of PLEASM 



An informal grammar for the input specifications file is given 
below; 

PLE_SPECIFICATIONS_FILE — > PLE_TYPE_LINE 

PLE_PATTERN_LINE 

APPLICATION_DESCRIPTION_LINE 

COMPANY_INFORMATION_LINE 

ADDRESS_PIN_LIST 

DATA_PIN_LIST 

EQUATION_LIST 

FUNCTION TABLE 

[FUNCTION_TABLE_PIN_LIST] 

[FUNCTION_TABLE] 

DESCRIPTION 

[COMMENTS J 

PLE_TYPE_LINE — > PLE<PLE PART NUMBER> ... PLE DESIGN SPECIFICATIONS 
PLE_PATTERN_LINE — > <REFERENCE NUMBER FOR APPLICATION, AUTHOR'S NAME> 
APPLICATION_DESCRIPTION_LINE — > <APPLICATION NAME> 
COMPANY_INFORMATION_LINE — > <COMPANY NAME AND ADDRESS> 
ADDRESS_PIN_LIST — > -ADD <PIN NAME LIST FOR INPUT PINS> 

DATA_PIN_LIST — > -DAT <PIN NAME LIST FOR OUTPUT PINS> 

EQUATION_LIST — > <LIST OF BOOLEAN EQUATIONS> 

FUNCTION_TABLE_PIN_LIST — > <LIST OF PINS TO BE SIMULATED> 
FUNCTION_TABLE — > H|L|X <ENTRIES DEFINING LOGIC VALUES FOR THE PINS> 
COMMENTS — > <COMMENTS DESCRIBING APPLICATION> 
where, [..] denotes an optional expression, 

<..> denotes an informal representation for the expression, 

' ' denotes a keyword, 

and ' I ' denotes the "OR" operator . 
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6 . The syntax of PLEASM 



Important notes on Pli EASW input. sp ec ifi.<?. a tj,pns.; 

1. The specifications file must contain the keywords 
FUNCTION TABLE and DESCRIPTION starting in column 1 for assembly 
to occur. 

2. All responses to PLEASM prompts should be in upper 

case. 

3. The input specifications file should preferably be 
entirely in upper case. 

4. The number of characters in the file, the number of 
lines in the file, and the number of characters in each line 
should be within the limits set in the I/O initialization 
package. The current limits set are 6000 chars/file, 250 
lines/file, and 80 chars/line. 
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m BACU 

PLgfiSN QB til£ VAXll/VMS 

The following files should be in your tape if you have the 
Load/Go System : 

PLEASM.EXE - This is the executable file that can be invoked to 
assemble your input PLE specifications. 

P5000.TXT through P5017.TXT - These are the example files 

containing some applications. They are useful for 
studying how the input file should be written, and 
can be run with PLEASH to provide an on-line 
demonstration of how the program works. Details on 
the contents of these files can be found in Appendix 
D. 

lOINIT.FOR - User customization package for array dimensions and 
I/O. 

If you have ordered the Development system, you should have in 
addition the files : 

PLEASM.FOR - This file contains the FORTRAN source for the PLEASM 
program and can be compiled by any FORTRAN compiler 
you have at your disposal. 

lOLIB.FOR - This file contains the I/O features that make this 
version of PLEASM compatible with that on the IBM- 
PC. This will have to be linked in with the main 
program during compilation. 

Unloading Your tlsa Tape under VAX /VMS 

Helpful Hints; 

- The volume is labelled PLEASM and is recorded in Files-11 
format, 1600 BPI and 9-track mag tape. 

- For the neophytes who wish to learn everything there is to 

learn about mag tapes and more. Digital Equipment 

Corporation has published The Magnetic Tape Users' Guide 
(Order No. AA-M539A-TE) . 

- Your tape drive goes by many different names. For example, 
MTAO; or MSAO:. To list all devices on your installation, 
type SH DEV M<cr> when you see the $ prompt. 

After loading your tape on the drive, when you see the $ 
prompt, type the following: 

$ ALL MTAO; TAPE 

( Allocates space for TAPE on device MTAO; 

$MOUNT/OVER=IDENT TAPE 

( This mounts the tape and overrides any tape labels. Operator 
( privileges are sometimes required to do this. 
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$CREATE/DIR [ .PLEASM] 

$SET DEFAULT [.PLEASM] 

( Sets up the directory appropriately. 



$COPY TAPE:*.*;* []* 

( This copies the tape files to your directory. 

$DISMOUNT TAPE 

( Dismounts tape and wraps things up. 

DISREGARD THIS MARKED SECTION IF YOU HAVE THE LOAD/GO SYSTEM II 

icit'k'kidtifkicirkicis'kiiiiii'k’kiclcitit’kidtititltitititic’kititit’klticltic'kicirkickisicicitlt’kic’kiciciticlticir^ 

Compile and link the source program using the following sequence 
of commands, to create the executable version : 

$ FORTRAN PLEASM, lOLIB 
$ LINK PLEASM, lOLIB 

★★★★★ifc*********************************************************** 

Using PLEASM; 

Create your PLE Design Specification file using one of 
your system's editors. 

Then type the following: 

$ RUN PLEASM 



The program PLEASM should now run . At this point, refer 
to Section 4. for step-by-step instructions on how to use the 
program. 

Pumping u File From VAX (VMS I to. PU^ 1/Ds 

Cable Connections: * 

The RS-232C cable that connects the VAX-11 to the Data I/O 
has lines 2 and 3 reversed. The only other pins that must be 
connected are pins 1 and 7. 

Operating Procedures: 

1. Turn Data I/O power off. 

2. Connect the Data I/O programmer to the modem and VTIOO 
terminal as shown in Fig. A. 1-1. 



3 


'. Turn the Data I/O programmer 
1. Press the "SELECT" (Data I/O) 


on . 
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Appendix A.l: PLEASM on the VAXll/VMS 



PROGRAMMER 



VTIOO 



PROTECTIVE GND. 

SEND DATA 

RECEIVE DATA 

RTS 

CTS 

DSR 

SIGNAL GND. 

Fig 



! 1 C 

I 

i 2 0 

1 

! 3 0 

1 

• 4 0 

1 

! 5 0 

I 

! 6 0 
I 

i 7 0 

J 

A. 1-2 



1 


!■ 


... 


— 






? 




0 


1 


1 


PROTECTIVE GNT). 


! 


1- 


— 


— 


-! 




1 




0 


2 


1 


SEND DATA 






0 


3 


! 


RECEIVE DATA 


1 


; 


0 


4 


! 




! 


1- 


— 


— 


. 1 




1 


-- — — ...... t 


0 


5 


1 




1 


1 . 


— 


— 


-! 




I 




0 


6 


1 






!■ 


— 


— 


-I 




1 




0 


7 


1 


SIGNAL GND. 




1 . 





— 


. ( 





Using Programmer as host. 
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Appendix A. 2: PLEASM on the IBM PC DOS 2.00 



Please note that for the IBM PC, system requirements are as 
follows : 



- 8088 based microprocessor system 

- 64K bytes minimum of memory 

- MS-DOS (PC-DOS) operating system 

- Optional text printer 

- 1 disk drive. 

The IBM PC version comes with a diskette which contains the 
following files; 

Disk #1: PLEASM.EXE { if the Load/Go system has been ordered) 
PLEASM. FOR ( if the Development system was ordered ) 
P5000.TXT - P5017.TXT 
PALCOM.EXE & PALSETUP.EXE 

PLEASM.EXE is the executable version of PLEASM. 

PLEASM. FOR is the FORTRAN source for the program. 

P5000.TXT - P5017.TXT contain the example applications. 

PALCOM.EXE is the program used for downloading. 

PALSETUP.EXE allows the user to specify communications protocol 

DISREGARD THIS MARKED SECTION IF YOU HAVE THE LOAD/GO SYSTEM ! ! 
★★★★***★*★*★★*★★★*★*★★****★★*★******★**★*****★**★****★*★****★**** 

To create the executable version for the source program you have 
to compile and link the source file using any FORTPJiN 
compiler/linker you have at your disposal. The one recommended is 
the Supersoft FORTRAN compiler which was used during the 
development and testing of this program. For this compiler the 
sequence of commands to create the executable file would be (with 
the compiler/linker in drive B: and the source in drive A:) : 

A> BrSFOR PLEASM. FOR PLEASM. REL 
A> B:CNV PLEASM. REL PLEASM. OBJ/R 

A> B;LINK S+SEMU+0PLEASM .RSP , PLEASM ,NUL ,SFLIB+MLIB , , 

This creates the executable file PLEASM.EXE. 

hhicifkic’kicifkicii’kic'k’kic’k'k’kif'kifls'k’kititiriricick'k'kificidcickickicis^’k’kidfkififkicic'kit'k’kitie’k'kig 
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Appendix A. 2: PLEASM on the IBM PC DOS 2.00 



To use PLEASM on the IBM PC, two steps are necessary: 

1. Create and edit the PLE Specification File. 

2. Run PLEASM. 

To run PLEASM with Disk #1 in drive A, type the following when 
you see the A> prompt: 

A>PLEASM 

At this point, PLEASM begins running. For step-by-step 
instructions on how to use the program, please refer to Section 

4. 



General; 

1. Do NOT terminate the program abnormally by pressing 
CTRL-C, CTRL-BREAK, etc. when you are sending the output to a 
file rather that the screen. Use instead the QUIT option to 
terminate your session. If the session is terminated using CTRL- 
C, this may result in lost files on your disk. This is because 
your output file will not have been properly closed. 

2. The approximate run-times for the programs vary 
depending on the size of the PLE and the length of the input 
specifications file. Simulation takes between 1 and 3 minutes, 
while generating programming formats could take anywhere between 
3 and 10 minutes. 
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PROM/PLE 

DATA I/O Model la Programmer nxth. UniEaJu. 



Key Features; 

- Accepts PLE HEX programming format. 

- Allows user limited communication via RS232 interface to 
computer development system. 

Using DATA Model 11 with Unifal<.L 

RS232 Serial Interface; 



Prior to powering up the DATA I/O it is important that 
the RS232 interface be connected to the host computer 
correctly. The correct interface is described below; 



Model 19 Terminal 



Model 19 



Terminal 



Gnd 




1 


1 


! 1 ! 


Gnd 


Send 




2 


1 


! ( ) ! 


Rec 


Rec 




3 


1 


! ( ) ! 


Send 


RSend 




4 


! 


! ( ) ! 


CSend 


CSend 


! 


5 


1 


!( ) ! 


RSend 


SGnd 




7 


! 


1 7 ! 


SGnd 



Gnd ! 1 ! ! 1 ! Gnd 

Send ! 2 ! 1( )! Rec 

Rec ! 3 1 ! ( ) 1 Send 

SGnd ! 7 1 ! 7 1 SGnd 



VJith Handshake Without Handshake 

Turn on the DATA I/O programmer. After it finishes its self 
check routine, type the following key sequence on the DATA 
I/O keyboard; 



<IiOAD> - Select device type 



<SELECT> 

<D1> - Prepares DATA I/O to receive data via RS232 

<START> interface port 



The DATA I/O Model 19 is now ready to accept data from the 
computer development system. After the file is entered, the 
data may be reviewed on the terminal by typing the following 
on the DATA I/O; 



<KEYBOARD> 

<ENTER> - Sends data to remote terminal 



For additional information please refer to the DATA I/O 
Model 19 users manual. 
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Appendix B; PROM/PLE Programmer Information 



DATA IZQ Model 2SL Kitli UniPalu 
E££ Egflttf x as.; 

- Accepts PLE HEX programming format. 

- Allows interactive communication via RS232 interface 
to computer development system. 



Using DATA I/Q MO < ?e I 2LSA sUh. UfliPaJiJ 
RS232 Serial i Dt erfaPfij 



Prior to powering up the DATA I/O it is important that 
the RS232 interface be connected to the host computer 
correctly. The correct interface is described below: 

Model 29A Terminal Model 29A Terminal 



Gnd 


! 


1 


1 


1 1 1 


Gnd 


Send 


! 


2 


1 


!( ) ! 


Rec 


Rec 




3 


1 


!{ )! 


Send 


RSend 




4 


I 


! ( ) ! 


CSend 


CSend 




5 


1-^- 


! ( ) 1 


RSend 


SGnd 


1 


7 


1 


! 7 ! 


SGnd 



Gnd ! 1 1 1 1 1 Gnd 

Send 1 2 1 !( )! Rec 

Rec ! 3 1 ! ( ) ! Send 

SGnd ! 7 1 ! 7 I SGnd 



vrith Handshake 



Without Handshake 



Turn on the DATA I/O programmer. After it finishes its self 
check routine, type the following key sequence on the DATA 
I/O keyboard: 



<COPY> <DEVICE> <RAM> <FFCC> - Enter family and pin code 



<SELECT> <F7> - Configure for HEX input format 

<COPY> <PORT> <RAM> - Prepares DATA I/O to receive data 

via RS232 interface port 

The DATA I/O Model 29A is now ready to accept data from the 
computer development system. After the file is entered, the 
data may be reviewed on the terminal by typing the following 
on the DATA I/O: 

<COPY> <RAM> <PORT> - Send data to remote 

terminal 

Interactive communication may be achieved by typing on the 
DATA I/O: 

<SELECT> <FB> - Enable output port for 
interactive communication 

For additional information please refer to the DATA I/O 
Model 29A users manual. 
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Appendix B; PROM/PLE Programmer Information 
KQHIEQH Mode J. UPPr g . O S 

Key F.eattfr e s. ; 

- Accepts PLE Intel HEX programming format. 

- Allows limited communication via RS232 interface 
to computer development system. 



Using KONTRON U pd el MPP-8Q S; 

E&212. S£xiiLl Interface: 

Prior to powering up the KONTRON it is important that the 
RS232 interface be connected to the host computer 
correctly. The correct interface is described below: 



Model MPP-80S Terminal 



Gnd ! 1 ! 1 1 ! Gnd 

TXD ! 2 1 1 ( ) ! RXD 

RXD 1 3 1 ! ( ) ! TXD 

SGnd ! 7 ! ! 7 ! SGnd 



The baud rate, parity, 
and number of start/stop 
bits should be the same 
for the programmer and 
terminal . 



Turn on the KONTRON programmer. Prepare the DATA TRANSFER 
function of the MPP-80S by performing the following: 



- Select proper device type 

- Press the white <IN> key 

- Press the grey <A> key 

- Enter <40> for Intel HEX 



(Select input port) 
(Select port A) 
format 



- Press the grey <ENTER> key 

The KONTRON Model HPP-80S is now ready to accept data from 
the computer development system. After the file is entered, 
the data may be reviewed on the remote terminal by selecting 
the following on the KONTRON: 

- Press the white <OUT> key (Select output port) 

- Press the grey <A> key (Select port A) 

- Enter output format desired 

- Press the grey <ENTER> key 

For additional information on the use of the KONTRON model 
MPP-80S please refer to the users manual. 
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ELMSfl Error messages; 



PLEASM detects and reports the following errors encountered while 
running the program. These include incorrect file naming, syntax 
errors in the input specifications file, and errors in 
simulation . 

1. Non-existent filename specified in response to the query 
for the name of the source file. 

DISK I/O ERROR - MAYBE WRONG FILENAME ??? 

*********A4r**:****^*4r'AriKr***4r*****4r***:fcA^*iAr*ifr**4r4r**4r****^********i^4rilr* 

2. Open file named in response to query for the name of the 
output file. 

DISK I/O ERROR - MAYBE WRONG FILENAME ??? 
***************************************************************** 

3. Input file size in number of characters exceeds the 
maximum dimensions specified in the initialization subroutine. 
See Appendix I for details. 

TOO MANY CHARACTERS IN INPUT FILE 

This will probably lead to a run-time error with an output 
message appropriate to your system. 

***************************************************************** 

4. Keyword FUNCTION T ABLE missing in input specifications. 
*** KEYWORD "FUNCTION TABLE" MISSING. ASSEMBLY TERMINATED 

5. Keyword DESCRIPTIO N missing in input specifications. 

*** KEYWORD "DESCRIPTION" MISSING. ASSEMBLY TERMINATED 

ifkicitit1titi(icititificitisi(1cicieif1cit1(iiiticictirki(i(itiei(if1ci(icifi(1tiiiiie1(iciiiiiticicicicitisiti:irkifit1tici( 

6. Invalid PLE name in line 1 of the input specifications. 
PLE PART TYPE PLE$$$$ IS INCORRECT 

*‘k^i(ic1c'k‘k’kic-ki('kicic1c'k'k'ki(1t1(isisic'k1tic'ki(1fkit'k'kicicititicicititit'ki(i<ie1ci(icit1tifi(iclti(icici(1titisic 
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Appendix C: PLEASM Error Messages 

7. Number of pin names specified in the address list exceeds 

the number of input pins available in the PLE being used. 

*** TOO MANY PIN NAMES IN INPUT PIN LIST *** 

***************************************************************** 



8. Number of pin names specified in the data list exceeds 
the number of output pins available in the PLE being used. 

*** TOO MANY PIN NAMES IN OUTPUT PIN LIST *** 

***************************************************************** 

9. A pin name specified in the equations or in the function 
table pin list does not match any of the names declared in the 
address and data pin lists. 

ERROR SYMBOL = $$$$$$$$ 

***************************************************************** 

10. The "SIMULATE" option has been invoked without a function 
table being present in the input specifications. 

FUNCTION TABLE MUST BE SUPPLIED IN ORDER TO PERFORM SIMULATION 

***************************************************************** 

11. The number of pin names in the function table pin list 
exceeds the number of pins being used in the PLE. 

*** TOO MANY PIN NAMES IN FUNCTION TABLE PIN LIST *** 

***************************************************************** 



12. A symbol other than H(high ) , L(low) , or X(don't care) has 
been entered in the function table. 

ERROR SYMBOL **$** IN LINE $$$ OF FUNCTION TABLE 

ititiiii'kii'kiiiiit'k’k'kirkiiititii'kiiii'k'k'kii'k'k’k'k'kifkit'kiiiiit'k'kititidtititiiirkitirkidtitidtirkiiitit'kitit 

13. Simulation error caused by an entry in the function table 
(expected) not agreeing with that evaluated from the Boolean 
equations (actual) . 

FUNCTION TABLE ERROR IN LINE $$$ PIN = $$$$$$$$ EXPECTED $ ACTUAL S 

The offending line in the function table is then printed out with 
a question mark in place of the incorrect entry. 

***************************************************************** 
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Appendix C: PLEASM Error Messages 

14. Overall count of function table errors if there are one 
or more simulation errors. 

ERRORS IN FUNCTION TABLE = $$$$ 

***************************************************************** 

15. PLEASM could not generate HEX programming formats for the 
PLE being used. 

PLEASM DOES NOT SUPPLY HEX PROGRAMMING FORMAT FOR $$$$ BY $$ PLE'S 

itifkicicickic'kickitidckicidcick'kicltidticiciciciciticirkic^lticiciiifiticiiirk'kicit’kieiticiiiticldc^iciciticitic 
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Appendix D: HEIiPll And where to get it 



help 1 1 tSi. S£^ ILl 

Should you encounter any problems with PLEs or PLEASM, write or 
call: 

The IdeaLogic Exchange 
Mail-Stop (09-26) 

Monolithic Memories Inc. 

2175 Mission College Blvd. 

Santa Clara, CA 95050 

Tel: (408)970-9700 







PLE Introduction 



PLE Specifications 
PLEASM^** Manual 



PLE Applications 
App Notes/Article Reprints 
Representetives/Distributors 
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Random Logic Replacement 

PROMs, as logic elements, have been providing solutions as 
replacements of random logic. This is the concept of PROM as 
Programmable Logic Element (PLE). 

The usages of PLEs Include simple multiplexer/demultiplexer/ 
encoder/decoder, control signal generators, data communica- 
tionssupportlike CRC, and arithmetic elements like ALUs, multi- 
pliers, sine and inverse look-up tables, and applications in signal 
processing. 

The advantages of PLEs over SSI/MSI logic devices are the 
flexibility of design and the fast turnaround time which non- 
programmable devices cannot offer. For example, if a decoder is 
used to select between memory pages and I/O ports, once a 
design is done, it will be fixed— it is not easy to find a part to be 
put just in the same place without modification of PC board 
layout in case the designer wants to expand the memory or to 
increase the I/O. For a PLE, what is needed is to program 
another PLE and place it in the same socket where the old part 
was placed. In addition, PLEs can allow designers to define their 
logic functions in a component. 

The AND-OR planar structure of the PLE lends itself naturally to 
being viewed as a two-level logic circuit. The fixed AND plane 
contains all possible combinations of the literals of its inputs. 
Each combination (product term) is fuse-connected to each 
output in the programmable OR plane. 

A common application of PLEs in the control path is to custom- 
ize logic functions. An n input exclusive OR function is quite 
commonly required in comparator and adder circuits. It con- 
tains 2'^" ' product terms, which becomes quite large for large 
values of n. Therefore, it Is very convenient to implement large 
XOR functions in a PLE. 

The implementation of a 4-input XOR in a PLE is shown below. 



Although it seems that XOR functions may be replaced by SSIs, 
in most applications, the XOR functions will not be alone by 
themselves., PLEs can provide the flexibility of adding in addi- 
tional functions without using additional packages. 

In the data path, a PLE can be used to implement complex 
functions such as a Pseudo Random Number (PRN) Generator. 
Random number sequences are useful in encoding and decod- 
ing of information in signal processing and communications 
systems. They are used for data encryption, image quantization, 
waveform synchronization, and white noise generation, etc. 

There are may techniques for generating PRN sequences. The 
most common technique, however, is to use 'n’ stages of linear 
shift registers with feedback through a logic function. The 
function f is an arbitrary function chosen for a specific applica- 
tion. Amostgeneral linearfunction isan'm’ inputXOR(m < n). 




There are a number of examples in the following session which 
shows how a PLE can be used to replace SSI/MSI logic devices 
using PLEASM. 




TWX: 910-338-2376 

2175 Mission College Boulevard, Santa Clara, CA 95054 Tel; (408) 970-9700 TWX: 910-338-2374 
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BASIC GATES 

MMI SANTA CLARA, CALIFORNIA 

.ADD 10 II 12 13 14 

.DAT 01 02 03 04 05 06 07 08 

01 = 10 



02 = /lO 



03 = 10 * II * 12 * 13 * 14 



04 = 10 + II + 12 + 13 + 14 



05 = /lO + /II + /I2 + /I3 + /I4 



06 = /lO * /II * /I2 * /I3 * /I4 



07 = 10 ; + ; II ! + ; 12 : + ; 13 : + : 14 



08 = 10 II :*: 12 13 14 



4-4 



BUFFER 



10 



01 







Random Logic 



BASIC GATES (cont’d) 

FUNCTION TABLE 

10 II 12 13 14 01 02 03 04 05 06 07 08 
; INPUT - - OUTPUTS PROM BASIC GATES - - 



; 01234 


BUF 


INV 


AND 


OR 


NAND 


NOR 


XOR 


XNOR 


COMMENTS 


LLLLL 


L 


H 


L 


L 


H 


H 


L 


L 


ALL ZEROS 


HHHHH 


H 


L 


H 


H 


L 


L 


H 


H 


ALL ONES 


HLHLH 


H 


L 


L 


H 


H 


L 


H 


H 


ODD CHECKERBOARD 


LHLHL 


L 


H 


L 


H 


H 


L 


L 


L 


EVEN CHECKERBOARD 



DESCRIPTION 

OHIS EXAMPLE ILLUSTRATES THE USE OF PLEs TO IMPLEMENT THE BASIC GATES: 
BUFFER, INVERTER, AND GATE, OR GATE, NAND GATE, NOR GATE, EXCLUSIVE OR 
GATE, AND EXCLUSIVE NOR GATE. 

NOTE ALSO THAT THREE-STATE OUTPUTS ARE PROVIDED WITH ONE ACTIVE LOW 
OUTPUT ENABLE CONTROL (/E) . 



PLEASM GENERATES THE PROM TRUTH TABLE FROM THE LOGIC EQUATIONS AND 
SIMULATES THE FUNCTION TABLE IN THE LOGIC EQUATIONS. 

BASIC 

GATES 

PLE5P8 
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PLE8P8 PLE DESIGN SPECIFICATION 

P5001 ULRIK MOELLER 05/01/84 

MEMORY ADDRESS DECODER 

MMI SANTA CLARA, CALIFORNIA 

.ADD All A12 A13 A14 A15 /MRBQ 

.DAT /CEl /CE2 /CE3 /CE4 /CE5 /CE6 /CE7 /CE8 



CEl 




/All*/A12 */A13 */A14 */A15 * 


MREQ 


; SELECTS 


ADDRESS 


RANGE 


0K-2K 


CE2 




All*/A12*/A13*/A14*/A15* 


MREQ 


; SELECTS 


ADDRESS 


RANGE 


2K-4K 


CE3 




/All* A12*/A13*/A14*/A15* 


MREQ 


; SELECTS 


ADDRESS 


RANGE 


4K-6K 


CE4 


= 


All* A12*/A13*/A14*/A15* 


MREQ 


; SELECTS 


ADDRESS 


RANGE 


6K-8K 


CE5 




/All*/A12* A13*/A14*/A15* 


MREQ 


; SELECTS 


ADDRESS 


RANGE 


8K-10K 


CE6 




All*/A12* A13*/A14*/A15* 


MRBQ 


; SELECTS 


ADDRESS 


RANGE 


10K-12K 


CE7 


= 


/All* A12* A13*/A14*/A15* 


MREQ 


; SELECTS 


ADDRESS 


RANGE 


12K-14K 


CE8 




All* A12* A13*/A14*/A15* 


MREQ 


; SELECTS 


ADDRESS 


RANGE 


14K-16K 



FUNCTION TABLE 



All A12 A13 A14 A15 /MREQ /CEl /CE2 /CE3 /CE4 /CE5 /CE6 /CE7 /CE8 



; ADD LINES 
; 11111 
; 12345 


/MREQ 


CHIP ENABLES 
12345678 


COMMENTS 






LLLLL 


L 


LHHHHHHH 


SELECT 


ADDRESS 


RANGE 


0-2K 


HLLLL 


L 


HLHHHHHH 


SELECT 


ADDRESS 


RANGE 


2K-4K 


LHLLL 


L 


HHLHHHHH 


SELECT 


ADDRESS 


RANGE 


4K-6K 


HHLLL 


L 


HHHLHHHH 


SELECT 


ADDRESS 


RANGE 


6K-8K 


LLHLL 


L 


HHHHLHHH 


SELECT 


ADDRESS 


RANGE 


8K-10K 


HLHLL 


L 


HHHHHLHH 


SELECT 


ADDRESS 


RANGE 


10K-12K 


LHHLL 


L 


HHHHHHLH 


SELECT 


ADDRESS 


RANGE 


12K-14K 


HHHLL 


L 


HHHHHHHL 


SELECT 


ADDRESS 


RANGE 


14K-16K 


xxxxx 


H 


HHHHHHHH 


NO MEMORY SELECT (/MREQ=H) 




EIGHT 

ACTIVE 

LOW 

CHIP 

ENABLES 
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MEMORY ADDRESS DECODER (confd) 

DESCRIPTION 

IHIS PLE8P8 PROVIDES A SINGLE CHIP ADDRESS DECODER FOR OSE WITH MANY POPULAR 
8-BIT MICROPROCESSORS SUCH AS IHE Z80 AND 8080. THE FIVE MSB ADDRESS LINES 
(A11-A15) AND IHE MEMORY REQUEST LINE (/MREQ) FROM THE Z80 MICROPROCESSOR ARE 
DECODED TO PRODUCE EIGHT ACTIVE LOW CHIP ENABLES (/CE1-/CE8) TO SELECT A RANGE 
OF 2K BYTES FROM A BANK OF EIGHT 2Kx8 STATIC RAMS. THIS BANK OF STATIC RAMS 
WILL OCCUPY THE LOWEST 16K BYTES OF ADDRESS SPACE LEAVING THE UPPER 48K BYTE 
SPACE AVAILABLE FOR OTHER MQJORIES AND I/O. THE PLE8P8 HAS THREE ADDITIONAL 
INPUTS WHICH CAN BE RESERVED FOR FUTURE SYSTEM EXPANSION. 




CHIP ENABLE 



ADDRESS 



MAP 



MEMORY ADDRESS 
DECODER 
PLE8PB 













6-BIT THDE/COMPLEMENT AND CLEAS/SET lOGIC FUNCTIONS 
MMI SANTA CLARA, CALIFORNIA 
.ADD II 12 Dl D2 D3 D4 D5 D6 
•DAT Y1 Y2 Y3 Y4 Y5 Y6 



Y1 - /I1*/I2*A>1 
+ /II* 12* Dl 
+ Il*/I2 

Y2 = /Il*/I2*/D2 
+ /II* 12* D2 
+ Il*/I2 

Y3 = /Il*/I2*/D3 
+ /II* 12* D3 
+ Il*/I2 

Y4 = /Il*/I2*/D4 
+ /II* 12* D4 
+ Il*/I2 

Y5 = /Il*/I2*/D5 
+ /II* 12* D5 
+ Il*/I2 

Y6 = /Il*/I2*/D6 
+ /II* 12* D6 
+ Il*/I2 



; OUTPUT /Dl (INVERT) 
; OUTPUT Dl (TRUE) 

; CLEAR Y1 

; OUTPUT /D2 (INVERT) 
; OUTPUT D2 (TRUE) 

5 CLEAR Y2 

; OUTPUT /D3 (INVERT) 
; OUTPUT D3 (TRUE) 

; CLEAR Y3 

; OUTPUT /D4 (INVERT) 
; OUTPUT D4 (TRUE) 

; CLEAR Y4 

; OUTPUT /D5 (INVERT) 
; OUTPUT D5 (TRUE) 

; CLEAR Y5 



OUTPUT /D6 (INVERT) 
OUTPUT D6 (TRUE) 
CLEAR Y6 



FUNCTION TABLE 

II 12 Dl D2 D3 D4 D5 D6 Y1 Y2 Y3 Y4 Y5 Y6 
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TRUE/COMPLEMENT AND CLEAR/SET (confd) 

DESCRIPTIOK 

THIS PLE8P8 IS A 6-BIT TRDE/COMPLEMHfT AND CLEAR/SET LOGIC FUNCTIONS. THE 
CONTROL LINES (II AND 12) SELECT ONE OF FOUR LOGIC FUNCTIONS FOR THE 6-BIT 
INPUT DATA (D1-D6) AND THE 6-BIT OUTPUT FUNCTION (Y1-Y6) . 

WHEN II IS FALSE (Il=LOW) THE FUNCTION IS INVERT IF 12 IS FALSE (I2-LOW) OR 
TRUE IF 12 IS TRUE (I2=HIGH) . 

WHEN II IS TRUE (I1=HIGH) THE FUNCTION IS CLEAR IF 12 IS FALSE (I2=L0W) OR SET 
IF 12 IS TRUE (12-HIGH). 

THE PLB8P8 ALSO FEATURES THREE-STATE OUTPUTS WITH TWO ACTIVE LOW OUTPUT ENABLE 
CONTROLS (/El AND /E2) . 



11 


12 


D1-D6 


Y1-Y6 


FUNCTION 


I 




L 


D 


/D 


INVERT 


L 




H 


D 


D 


TRUE 


H 


! 


L 


X 


H 


CLEAR 


B 


[ 


H 


X 


L 


SET 



6-BIT TRUE/COMPLEMENT 
ZERO/ONE LOGIC FUNCTIONS 

PLE8P8 



n[T 

12 [T 

D1 ^ 

D2 ^ 

D3 ^ 

Y1 ^ 

Y2 ^ -i— - 

Y3^ -i—- 

Y4 ^ -<S— - 
GND Qo 



AND 

OR 

GATE 

ARRAY 



^ vcc 

D6 

Is] 05 



pin- 

L ^ El 
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PLE5P8 

P5003 

EXPANDABLE 3-TO-8 DEMULTIPLEXER 



MMI SANTA CLARA, 


CALIFORNIA 




.AIX) SO SI 


S2 DI 


PO 










.DAT YO Y1 


Y2 Y3 


Y4 Y5 


Y6 Y7 




YO = PO 


* 


DI 


* 


/S2 


* 


/SI 


* 


/so 


+ /PO 


* 


DI 














+ /PO 






* 


S2 










+ /PO 










* 


SI 






+ /PO 














* 


so 


Y1 = PO 


* 


DI 


* 


/S2 


* 


/SI 


* 


so 


+ /PO 


* 


DI 














+ /PO 






* 


S2 










+ /PO 










* 


SI 






+ /PO 














* 


/so 


Y2 = PO 


* 


DI 


* 


/S2 


* 


SI 


* 


/so 


+ /PO 


* 


DI 














+ /PO 






* 


S2 










+ /PO 










* 


/SI 






+ /PO 














* 


so 


Y3 = PO 


* 


DI 


* 


/S2 


* 


SI 


* 


so 


+ /PO 


* 


DI 














+ /PO 






* 


S2 










+ /PO 










* 


/SI 






+ /PO 














* 


/so 


Y4 = PO 


* 


DI 


* 


S2 


* 


/SI 


* 


/so 


+ /PO 


* 


DI 














+ /PO 






* 


/S2 










+ /PO 










* 


SI 






+ /PO 














* 


so 


Y5 = PO 


* 


DI 


* 


S2 


* 


/SI 


* 


so 


+ /PO 


* 


DI 














+ /PO 






* 


/S2 










+ /PO 










* 


SI 






+ /PO 














* 


/so 


Y6 = PO 


* 


DI 


* 


S2 


* 


SI 


* 


/so 


+ /PO 


* 


DI 














+ /PO 






* 


/S2 










+ /PO 










* 


/SI 






+ /PO 














* 


so 


Y7 = PO 


* 


DI 


* 


S2 


* 


SI 


* 


so 


+ /PO 


* 


DI 














+ /PO 






* 


/S2 










+ /PO 










* 


/SI 






+ /PO 














* 


/so 



PLE DESIGN SPECIFICATION 
FRANK LEE 04/15/84 



ACTIVE 


HIGH, 


, SELECT 0 


ACTIVE 


LOW, 


DI INACTIVE 


ACTIVE 


LOW, 


SELECT 4-7 


ACTIVE 


LOW, 


SELECT 2, 3, 6, 7 


ACTIVE 


LOW, 


SELECT 1,3, 5, 7 


ACTIVE 


HIGH 


, SELECT 1 


ACTIVE 


LOW, 


DI INACTIVE 


ACTIVE 


LOW, 


SELECT 4, 5, 6, 7 


ACTIVE 


LOW, 


SELECT 2, 3, 6, 7 


ACTIVE 


LOW, 


SELECT 0,2, 4, 6 


ACTIVE 


HIGH 


, SELECT 2 


ACTIVE 


LOW, 


DI INACTIVE 


ACTIVE 


LOW, 


SELECT 4-7 


ACTIVE 


LOW, 


SELECT 0,1, 4, 5 


ACTIVE 


LOW, 


SELECT 1,3, 5, 7 


ACTIVE 


HIGH 


, SELECT 3 


ACTIVE 


LOW, 


DI INACTIVE 


ACTIVE 


LOW, 


SELECT 4-7 


ACTIVE 


LOW, 


SELECT 0,1, 4, 5 


ACTIVE 


LOW, 


SELECT 0,2, 4, 6 


ACTIVE 


HIGH 


, SELECT 4 


ACTIVE 


LOW, 


DI INACTIVE 


ACTIVE 


LOW, 


SELECT 0-3 


ACTIVE 


LOW, 


SELECT 2, 3, 6, 7 


ACTIVE 


LOW, 


SELECT 1,3, 5, 7 


ACTIVE 


HIGH 


, SELECT 5 


ACTIVE 


LOW, 


DI INACTIVE 


ACTIVE 


LOW, 


SELECT 0-3 


ACTIVE 


LOW, 


SELECT 2, 3, 6, 7 


ACTIVE 


LOW, 


SELECT 0,2, 4, 6 


ACTIVE 


HIGH 


, SELECT 6 


ACTIVE 


LOW, 


DI INACTIVE 


ACTIVE 


LOW, 


SELECT 0-3 


ACTIVE 


LOW, 


SELECT 0,1, 4, 5 


ACTIVE 


LOW, 


SELECT 1,3, 5, 7 


ACTIVE 


HIGH 


, SELECT 7 


ACTIVE 


LOW, 


DI INACTIVE 


ACTIVE 


LOW, 


SELECT 0-3 


ACTIVE 


LOW, 


SELECT 0,1, 4, 5 


ACTIVE 


LOW, 


SELECT 0,2, 4, 6 
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EXPANDABLE 3-TO-8 DEMULTIPLEXER (cont’d) 
FUNCTION TABLE 

PO DI S2 SI SO Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO 



PO 


DI 


SSS 

210 


YYYYYYYY 

76543210 


COMMENTS 




H 


L 


XXX 


LLLLLLLL 


DATA INPUT = C 


1 


H 


H 


LLL 


LLLLLLLH 


SELECT 


OUTPUT 


0 


H 


H 


LLH 


LLLLLLHL 


SELECT 


OUTPUT 


1 


H 


H 


LHL 


LLLLLHLL 


SELECT 


OUTPUT 


2 


H 


H 


LHH 


LLLLHLLL 


SELECT 


OUTPUT 


3 


H 


H 


HLL 


LLLHLLLL 


SELECT 


OUTPUT 


4 


H 


H 


HLH 


LLHLLLLL 


SELECT 


OUTPUT 


5 


H 


H 


HHL 


LHLLLLLL 


SELECT 


OUTPUT 


6 


H 


H 


HHH 


HLLLLLLL 


SELECT 


OUTPUT 


7 


L 


H 


XXX 


HHHHHHHH 


DATA INPUT = C 


1 


L 


L 


LLL 


HHHHHHHL 


SELECT 


OUTPUT 


0 


L 


L 


LLH 


HHHHHHLH 


SELECT 


OUTPUT 


1 


L 


L 


LHL 


HHHHHLHH 


SELECT 


OUTPUT 


2 


L 


L 


LHH 


HHHHLHHH 


SELECT 


OUTPUT 


3 


L 


L 


HLL 


HHHLHHHH 


SELECT 


OUTPUT 


4 


L 


L 


HLH 


HHLHHHHH 


SELECT 


OUTPUT 


5 


L 


L 


HHL 


HLHHHHHH 


SELECT 


OUTPUT 


6 


L 


L 


HHH 


LHHHHHHH 


SELECT 


OUTPUT 


7 



EXPANDABLE 
3-TO-8 DEMULTIPLEXER 




DESCRIPTION 

THIS PLE5P8 IMPLEMENTS AN EXPANDABLE 3-TO-8 DEMULTIPLEXER. THE DEVICE 
DEMULTIPLEXES THREE SELECT INPUT SIGNALS (S2-S0) INTO EIGHT OUTPUTS (Y7-Y0) 
USING THE INPUT DI WITH POLARITY SELECT PO. SINCE THE DEVICE HAS THREE-STATE 
OUTPUTS, IT CAN BE EXPANDED USING THE ACTIVE LOW ENABLE PIN (/E) . 

PIN ASSIGNMENTS: 

1. PO HIGH INDICATES OUTPUT IS ACTIVE HIGH. LOW INDICATES OUTPUT IS 

ACTIVE LOW. 

2. DI DATA INPUT (DEMULTIPLEXING INPUT). ACTIVE LOW IF PO IS LOW. 

3. S2-S0 SELECT PINS. S2 IS THE MOST SIGNIFICANT BIT. ACTIVE HIGH 

REGARDLESS OF PO. 

4. Y7-Y0 OUTPUTS. CAN BE ACTIVE HIGH OR ACTIVE LOW DEPENDING ON PO. 

ACTIVE LOW IP PO IS LOW. 



OPERATIONS TABLE: 



PO 


DI 


S2-S0 


Y7-Y0 


OPERATION 




S 

K 


L 


H 


X 


H 


OUTPUTS HIGH 




V 


H 


H 


s 


DEMUX 


DEMUX ACTIVE HIGH 


PO ► 


EXPANDABLE 


L 

H 


L 

L 


s 

X 


A»EMUX 

L 


DEMUX ACTIVE LOW 
OUTPUTS LOW 


DI ► 


3-TO-8 

DEMULTIPLEXER 



MonoUthIc 



MamoHos 









UU<1K MUELLER 04/01/83 



DUAL 2:1 MULTIPLEXER 
MMI SANTA CLARA, CALIFORNIA 
.ADD SX SY A1 B1 Cl D1 A2 B2 C2 D2 
.DAT XI Y1 X2 Y2 



XI - 


/SX* 


A1 


i 


SELECT 


INPUT 


A1 


+ 


SX* 


B1 


9 


SELECT 


INPUT 


B1 


Y1 » 


/SY* 


Cl 


9 


SELECT 


INPUT 


Cl 


+ 


SY* 


D1 


9 


SELECT 


INPUT 


Dl 


X2 - 


/SX* 


A2 


9 


SELECT 


INPUT 


A2 


+ 


SX* 


B2 


9 


SELECT 


INPUT 


B2 


Y2 » 


/SY* 


C2 


; 


SELECT 


INPUT 


C2 


+ 


SY* 


D2 


9 


SELECT 


INPUT 


D2 



DESCRIPTION 



THIS IS AN EXAMPLE OF TWO INDEPENDENT 2-TO-l MULTIPLEXERS USING A PLE10P4. 
THE DEVICE WILL SWITCH BETWEEN TWO PAIRS OF 2-BIT INPUTS (A, B AND C, D) , AS 
DETERMINED BY THE TWO SELECT LINES (SX, SY) , FOR OUTPUT THROUGH TWO PAIRS OP 
2-BIT OUTPUTS (X AND Y) . THREE-STATE OUTPUTS ARE ALSO PROVIDED WITH TWO 
ACTIVE LOW ENABLE PINS (/El AND /E2) . THE FUNCTIONS OP THE DEVICE ARE 
SUMMARIZED IN THE TABLE BELOW: 



SELECT 


INPUT 


A, 


B 


INPUT 


c. 


D 




OUTPUT 


X, 


Y 






LINES 
































S 


S 


A 


A 


B 


B 


C 


c 


D 


D 


1 


X 


Y 


X 


Y 






X 


Y 


1 


2 


1 


2 


1 


2 


1 


2 


I 


1 


1 


2 


2 


FUNCTION 




L 


L 


A1 


A2 


X 


X 


Cl 


C2 


X 


X 


I 


A1 


Cl 


A2 


C2 


SELECT A, 


C 


L 


H 


A1 


A2 


X 


X 


X 


X 


Dl 


D2 


I 


A1 


Dl 


A2 


D2 


SELECT A, 


D 


H 


L 


X 


X 


B1 


B2 


Cl 


C2 


X 


X 


! 


B1 


B2 


Cl 


C2 


SELECT B, 


C 


H 


H 


X 


X 


B1 


B2 


X 


X 


Dl 


D2 


1 


B1 


Dl 


B2 


D2 


SELECT B, 


D 



2 

/ = ' -»■ X ) FOUR 
, DATA 

Y ) OUTPUTS 

1 ! 

SX SY 

TWO 

SELECT 

LINES 











EIGHT 


1 




DUAL 


DATA 


1 B 




2;1 


INPUTS 


o' 




MULTIPLEXER 











DUAL 2:1 
MULTIPLEXER 

PLE10P4 
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PLE10P4 DESIGN SPECIFICATION 

P5005 S. HORIKO 04/29/84 

QUAD 2:1 MULTIPLEXER WITH POLARITY CONTROL 
MMI JAPAN 

•ADD SEL POL AO A1 A2 A3 BO B1 B2 B3 
.DAT YO Y1 Y2 Y3 



YO 


= 


/SEL*/POL*/AO 


SELECT 


INPUT 


/AO 


(COMP) 




+ 


/SEL* POL* AO 


SELECT 


INPUT 


AO 


(TRUE) 




+ 


SEL*/POL*/BO 


SELECT 


INPUT 


/BO 


(COMP) 




+ 


SEL* POL* BO 


SELECT 


INPUT 


BO 


(TRUE) 


Y1 




/SEL*/POL*/Al 


SELECT 


INPUT 


/A1 


(COMP) 




+ 


/SEL* POL* A1 


SELECT 


INPUT 


A1 


(TRUE) 




+ 


SEL*/POL*/Bl 


SELECT 


INPUT 


/B1 


(COMP) 




+ 


SEL* POL* B1 


SELECT 


INPUT 


Bl 


(TRUE) 


Y2 




/SEL*/POL*/A2 


SELECT 


INPUT 


/A2 


(COMP) 




+ 


/SEL* POL* A2 


SELECT 


INPUT 


A2 


(TRUE) 




+ 


SEL*/POL*/B2 


SELECT 


INPUT 


/B2 


(COMP) 




+ 


SEL* POL* B2 


SELECT 


INPUT 


B2 


(TRUE) 


Y3 


= 


/SEL*/POL*/A3 


SELECT 


INPUT 


/A3 


(COMP) 




+ 


/SEL* POL* A3 


SELECT 


INPUT 


A3 


(TRUE) 




+ 


SEL*/POL*/B3 


SELECT 


INPUT 


/B3 


(COMP) 




+ 


SEL* POL* B3 


SELECT 


INPUT 


B3 


(TRUE) 



FUNCTION TABLE 



SEL POL AO A1 A2 A3 BO B1 B2 B3 YO Y1 Y2 Y3 



• SELECT 
; SEL POL 


AAAA 

0123 


BBBB 

0123 


YYYY 

0123 


COMMENTS 






L 


L 


LLLL 


XXXX 


HHHH 


SELECT 


COMP 


INPUT 


/A=00 


L 


L 


LHLH 


xxxx 


HLHL 


SELECT 


COMP 


INPUT 


/A=05 


L 


L 


HLHL 


xxxx 


LHLH 


SELECT 


COMP 


INPUT 


/A=10 


L 


L 


HHHH 


xxxx 


LLLL 


SELECT 


COMP 


INPUT 


/A=15 


L 


H 


LLLL 


xxxx 


LLLL 


SELECT 


TRUE 


INPUT 


A=00 


L 


H 


LHLH 


xxxx 


LHLH 


SELECT 


TRUE 


INPUT 


A=05 


L 


H 


HLHL 


xxxx 


HLHL 


SELECT 


TRUE 


INPUT 


A=10 


L 


H 


HHHH 


xxxx 


HHHH 


SELECT 


TRUE 


INPUT 


A=15 


H 


L 


xxxx 


LLLL 


HHHH 


SELECT 


COMP 


INPUT 


/B=00 


H 


L 


xxxx 


LHLH 


HLHL 


SELECT 


COMP 


INPUT 


/B=05 


H 


L 


xxxx 


HLHL 


LHLH 


SELECT 


COMP 


INPUT 


/B=10 


H 


L 


xxxx 


HHHH 


LLLL 


SELECT 


COMP 


INPUT 


/B=15 


H 


H 


xxxx 


LLLL 


LLLL 


SELECT 


TRUE 


INPUT 


B=00 


H 


H 


xxxx 


HLHL 


HLHL 


SELECT 


TRUE 


INPUT 


B=05 


H 


H 


xxxx 


LHLH 


LHLH 


SELECT 


TRUE 


INPUT 


B=10 


H 


H 


xxxx 


HHHH 


HHHH 


SELECT 


TRUE 


INPUT 


B=15 
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QUAD 2:1 MULTIPLEXER WITH POLARITY CONTROL (cont'd) 

DESCRIPTION 

THIS IS AN EXAMPLE OF A QUAD 2:1 MULTIPLEXER WITH POLARITY CONTROL IMPLEMENTED 
IN A PLE10P4. THE DEVICE SELECTS BETWEEN TWO 4-BIT INPUTS (A1-A4 AND B1-B4) 
WHICH ARE DIRECTED TO ONE 4-BIT OUTPUT (Y1-Y4) AS DETERMINED BY ONE INPUT 
SELECT LINE (SEL) AND POLARITY CONTROL (POL) . WHEN POLARITY IS TRUE 
(POL=HIGH) , THE TRUE OF THE INPUT SIGNAL IS SELECTED. WHEN POLARITY IS FALSE 
(POL=LOW) , IHE COMPLEMENT OF THE INPUT SIGNAL IS SELECTED. 

THE PLE10P4 ALSO FEATURES THREE-STATE OUTPUTS WITH TWO ACTIVE LOW ENABLE PINS 
(/El AND /E2). THE FUNCTION IS SUMMARIZED BELOW; 



SEL 


POL 


A1-A4 


B1-B4 


Y1-Y4 


L 


H 


A 


X 


A 


L 


L 


A 


X 


/A 


H 


H 


X 


B 


B 


H 


L 


X 


B 


/B 



QUAD 2:1 MULTIPLEXER 
WITH POLARITY CONTROL 



PLE10P4 




EIGHT 

DATA 

INPUTS 





QUAD 2:1 




— 7 ^ — ► 


MUX WITH 




X 4 


POLARITY 


/ * 




CONTROL 





SEL POL 



TWO 

CONTROL 

LINES 



FOUR 

DATA 

OUTPUTS 
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PLE5P8 PLE DESIGN SPECEFICATION 

P5006 ULRIK MUELLER 04/29/84 

HEXADECIMAL TO SEVEN SEGMENT DECODER 
MMI SANTA CLARA, CALIFORNIA 
.ADD A B C D LT 

•DAT /OA /OB /OC /OD /OE /OF /OG /DP 



OA = B* /D 

+ B* C 

+ /A* /C*/D 

+ A* C*/D 



+ /k* 


‘ D 


+ 


/B*/C* D 


+ 


LT ; 


OB = 


/C*/D 


+ A< 


‘ B* /D 


+ /A*/B* /D 


+ A*/B* D 


+ /A< 


‘ /C 


+ 


LT 


OC = 


/C* D ; 


+ A*/B 


+ 


C*/D 


+ A’* 


‘ /D 


+ 


/B* /D 


+ 


LT ; 


OD = /A*/B*/C ; 


+ 


/B* D 


+ A*/B* C 


+ k* 


' B*/C 


+ /k* 


r B* C 


+ /k* 


' B* /D 


+ 


LT ; 


o 

II 


' /C ; 


+ 


C* D 


+ /A* 


' B 


+ A* 


' B* D 


+ 


LT ; 


OF = /A*/B ; 


+ 


/B* C*/D 


+ 


/C* D 


+ 


B* D 


+ /A* 


■ B* C 


+ 


LT ; 


OG « 


B*/C j 


+ /A* 


■ B 


+ 


/C* D 


+ A* 


D 


+ 


/B* C*/D 


+ 


LT ; 


DP = LT 


? 



SEGMENT A 

IP LT=H MAKE BLANK TEST ON SEGMENT A 
SEGMENT B 



IF LT=H MAKE BLANK TEST ON SEGMENT B 
SEGMENT C 



IF LT=H MME BLANK TEST ON SEGMENT C 
SEGMENT D 

IF LT=H MAKE BLANK TEST ON SEGMENT D 
SEGMENT E 

IP LT=H MAKE BLANK TEST ON SEGMENT E 
SEGMENT F 

IF LT=H MAKE BLANK TEST ON SEGMENT F 
SEGMENT G 

IF LT=H MAKE BLANK TEST ON SEGMENT G 
TURNS DP ON ONLY WHEN LT=H 

Monttllthlc liiill MemoHos 
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DESCRIPTION 



THIS EXAMPLE ILLUSTRATES THE USE OF A PLE5P8 AS A HEXADECIMAL TO SEVEN SEGMENT 
DECODER. THE DEVICE DECODES A 4-BIT BINARY INPUT (D,C,B,A) INTO THE SEVEN 
SEGMENT OUTPUTS NEEDED TO DRIVE AN LED DISPLAY. NOTE THAT THIS DESIGN IS AN 
IMPROVEMENT FROM THE 74LS47 SINCE ALL SIXTEEN HEXADECIMAL DIGITS (0-F) CAN BE 
DISPLAYED. A LAMP TEST IS PROVIDED TO ILLUMINATE ALL SEVEN SEGMENTS AND THE 
DECIMAL POINT (IF DP IS CONNECTED) BY BRINGING LAMP TEST HIGH (LT=HIGH) 
REGARDLESS OF THE OTHER BINARY INPUTS. THREE-STATE OUTPUTS ARE ALSO PROVIDED 
WITH ONE ACTIVE LOW ENABLE PIN (/E) . 



INPUT 1 



INPUT 



! SEGMENT I OUTPUT 



DIGIT 


1 LT 


D 


c 


B 


A 


! 


ON 


1 


DISPLAY 


0 


1 L 


L 


L 


L 


L 


! 


ABCDEF 


! 


0 


1 


I L 


L 


L 


L 


H 


1 


BC 


1 


1 


2 


1 L 


L 


L 


H 


L 


1 


ABDEG 


t 


2 


3 


1 L 


L 


L 


H 


H 


1 


ABCDG 


1 


3 


4 


1 L 


L 


H 


L 


L 


! 


BCDFG 


I 


4 


5 


1 L 


L 


H 


L 


H 


1 


ACDFG 


t 


5 


6 


! L 


L 


H 


H 


L 


I 


ACDEFG 


J 


6 


7 


1 L 


L 


H 


H 


H 


1 


ABC 


1 


7 


8 


t L 


H 


L 


L 


L 


1 


ABCDEFG 


1 


8 


9 


! L 


H 


L 


L 


H 


! 


ABCFG 


1 


9 


A 


1 L 


H 


L 


H 


L 


! 


ABCEFG 


1 


A 


B 


1 L 


H 


L 


H 


H 


1 


CDEFG 


i 


b 


C 


1 L 


H 


H 


L 


L 


1 


ADEF 


! 


C 


D 


1 L 


H 


H 


L 


H 


! 


BCDBG 


1 


d 


E 


1 L 


H 


H 


H 


L 


! 


ADEF6 


1 


E 


F 


1 L 


H 


H 


H 


H 


I 


AEFG 


1 


F 


X 


1 H 


X 


X 


X 


X 


1 


ABCDEFG 


I 


8 * 



SEGMENT 

IDENTIFICATION 




CHARACTER SET 



a mS B lB S H br UE F 



* BLANK TEST OF DISPLAY 



HEXADECIMAL TO 
SEVEN-SEGMENT DECODER 

PLE5P8 
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HEXADECIMAL TO SEVEN SEGMENT DECODER (cont’d) 
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PLE5P8 

P5007 

5-BIT BINARY TO BCD CONVERTER 

MMI SANTA CLARA, CALIFORNIA 

.ADD BIO BIl BI2 BI3 BI4 

.DAT BOO BOl B02 B03 BIO Bll B12 B13 



BOO = BIO 

BOl = /BI4*/BI3* BIl 

+ /BI4* BI3* BI2*/BI1 
+ BI4* BI3*/BI2* BIl 
+ BI4*/BI3*/BI2*/BI1 

+ /BI3* BI2* BIl 

B02 = /BI4*/BI3* BI2 

■ + /BI4* BI2* BIl 

+ BI4* BI3*/BI2 
+ BI4*/BI3*/BI2*/BI1 

B03 = /BI4* BI3*/B12*/BI1 
+ BI4* BI3* BI2*/BI1 
+ BI4*/BI3*/BI2* BIl 

BIO = /BI4* BI3* BIl 

+ /BI4* BI3* BI2 
+ BI3* BI2* BIl 

+ BI4*/BI3*/BI2 



Bll = 


BI4* BI3 


+ 


BI4* 


B12 = 


BI4*/BI4 


B13 = 


BI4*/BI4 



5-BIT 

BINARY 

CODE 



BINARY TO -V 


-►B1 


TWO 


BCD ^ 




BCD 


CONVERTER 


■•-BO 


DIGITS 
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PLE5P8 PI£ DESIGN SPECIFICATION 

P5008 VINCENT COLI 10/16/81 

4 -BIT BCD TO GRAY CODE CONVERTER 

MMI SANTA CLARA, CALIFORNIA 

.ADD BO B1 B2 B3 

.DAT GO G1 G2 G3 



GO 


= BO 


:+: B1 


t 


CONVERT 


GO 


(LSB) 


G1 


= B1 


:+: B2 


t 


CONVERT 


G1 




G2 


= B2 


;+; B3 


7 


CONVERT 


G2 




G3 


= B3 




7 


CONVERT 


G3 


(MSB) 



DESCRIPTION 



THIS PLE5P8 WILL CONVERT A 4-BIT BCD INPUT (B3-B0) INTO A 4-BIT 
GRAY CODE REPRESENTATION (G3-G0) FOR OUTPUT. 




4-BIT BCD TO GRAY 
CODE CONVERTER 

PLESP8 




4-BIT 

BCD 



BCD TO GRAY 
CODE 

CONVERTER 



) 4-BIT 
GRAY 
CODE 



KHonollthlo IaRI] MomoHos 



4-19 








4-Dll DiNAni I u Duu v^UNVcn I cn (com a; 

FUNCTION TABLE 



BI4 BI3 BI2 


BIl BIO 


B13 B12 


Bll BIO B03 B02 BOl 


; ADDRESS 


DATA 




.•BINARY 


BCD 1 


BCD 0 


DESCRIPTION 


;43 210 


3210 


3210 


(DECIMAL VALUE) 


LL LLL 


LLLL 


LLLL 


0 


LL LLH 


LLLL 


LLLH 


1 


LL UIH 


LLLL 


LLHH 


3 


LL LHL 


LLLL 


LLHL 


2 


LL HHL 


LLLL 


LHHL 


6 


LL HHH 


LLLL 


LHHH 


7 


LL HLH 


LLLL 


LHLH 


5 


LL HLL 


LLLL 


LHLL 


4 


1 

LH LLL 


LLLL 


HLLL 


8 


LH LLH 


LLLL 


HLLH 


9 


LH LHH 


LLLH 


LLLH 


1 1 


LH LHL 


LLLH 


LLLL 


1 0 


LH HHL 


LLLH 


LHLL 


1 4 


LH HHH 


LLLH 


LHLH 


1 5 


LH HLH 


LLLH 


LLHH 


1 3 


LH HLL 


LLLH 


LLHL 


1 2 


$ 

HL LLL 


LLLH 


LHHL 


1 6 


HL LLH 


LLLH 


LHHH 


1 7 


HL LHH 


LLLH 


HLLH 


1 9 


HL LHL 


LLLH 


HLLL 


1 8 


HL HHL 


LLHL 


LLHL 


2 2 


HL HHH 


LLHL 


LLHH 


2 3 


HL HLH 


LLHL 


LLLH 


2 1 


HL HLL 


LLHL 


LLLL 


2 0 


f 

HH LLL 


LLHL 


LHLL 


2 4 


HH LLH 


LLHL 


LHLH 


2 5 


HH LHH 


LLHL 


LHHH 


2 7 


HH LHL 


LLHL 


LHHL 


2 6 


HH HHL 


LLHH 


LLLL 


3 0 


HH HHH 


LLHH 


LLLH 


3 1 


HH HLH 


LLHL 


HLLH 


2 9 


HH HLL 


LLHL 


HLLL 


2 8 



DESCRIPTION 



THIS 5-BIT BINARY TO 2-DIGIT BCD CONVERTER IS IMPLEMENTED IN A PLE5P8, THE 
DEVICE ACCEPTS A 5-BIT BINARY INPUT (BI) AND CONVERTS THIS INTO TWO 4-BIT 
BINARY CODED DECIMAL (BCD) OUTPUTS (Bl AND BO) . 



THREE-STATE OUTPUTS ARE ALSO PROVIDED WITH ONE ACTIVE LOW ENABLE PIN (/E) . 
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PLE5P8 

P5009 

4-BIT GRAY CODE TO BCD CONVERTER 
MMI SANTA CLARA, CALIFORNIA 



•At® GO 1 


G1 G2 G3 


.DAT BO 1 


B1 B2 B3 


BO = GO 


•+: G1 G2 


B1 = G1 


!+s G2 •+; G3 


B2 = G2 


: + ! G3 


B3 = G3 





PLE DESIGN SPECIFICATION 
VINCENT COLI 03/16/84 



; CONVERT BO (LSB) 
; CONVERT B1 
; CONVERT B2 
; CONVERT B3 (MSB) 



DESCRIPTION 

IHIS PLE5P8 WILL CONVERT A 4-BIT GRAY CODE INPUT (G3-G0) INTO A 4-BIT 
BINARY REPRESENTATION (B3-B0) FOR OUTPUT. 



4-BIT GRAY CODE TO BCD 
CONVERTER 

PLE5P8 




4-BIT ( 
GRAY { 
CODE \ 



GRAY CODE 


4, r 


CONVERTER 





4-BIT 

BCD 



Monolithic RIrQ Memorlos 
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PLE8P4 PLE DESIGN SPECIFICATION 

P5010 FRANK LEEAJLRIK MUELLER 05/14/84 

8-BIT PRIORITY ENCODER 

MMI SANTA CLARA, CALIFORNIA 

.ADD 10 II 12 13 14 15 16 17 

.DAT SO SI S2 EN 



50 = 17 

+ /I6* 15 
+ /I6*/I4* 13 
+ /I6*/I4*/I2* II 

51 = 17 

+ 16 

+ /I5*/I4* 13 
+ /I5*/I4* 12 

52 = 17 

+ 16 
+ 15 

+ 14 

EN = /I0*/I1*/I2*/I3*/I4*/I5*/I6*/I7 



; 17-10 = IXXXXXXX 
; 17-10 = XOIXXXXX 
; 17-10 = XOXOIXXX 
; 17-10 = XOXOXOIX 

; 17-10 = IXXXXXXX 
; 17-10 = XIXXXXXX 
! 17-10 = XXOOIXXX 
; 17-10 = XXOOXIXX 

; 17-10 = IXXXXXXX 
; 17-10 = XIXXXXXX 
; 17-10 = XXIXXXXX 
; 17-10 = XXXIXXXX 

; ALL LOWS ENABLE NEXT PRIORITY ENCODER 



FUNCTION TABLE 



17 16 15 14 13 12 II 10 EN S2 SI SO 



— 


■INPUT 


LINES- 


— 


-OUTPUTS- 








I 


I 


I 


I 


I 


I 


I 


I 


E 


S 


S 


S 








7 


6 


5 


4 


3 


2 


1 


0 


N 


2 


1 


0 


COMMENT 


H 


X 


X 


X 


X 


X 


X 


X 


L 


H 


H 


H 


17 


= 


HIGH 


L 


H 


X 


X 


X 


X 


X 


X 


L 


H 


H 


L 


16 


= 


HIGH 


L 


L 


H 


X 


X 


X 


X 


X 


L 


H 


L 


H 


15 


= 


HIGH 


L 


L 


L 


H 


X 


X 


X 


X 


L 


H 


L 


L 


14 


= 


HIGH 


L 


L 


L 


L 


H 


X 


X 


X 


L 


L 


H 


H 


13 




HIGH 


L 


L 


L 


L 


L 


H 


X 


X 


L 


L 


H 


L 


12 


= 


HIGH 


L 


L 


L 


L 


L 


L 


H 


X 


L 


L 


L 


H 


11 


= 


HIGH 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


10 


= 


HIGH 


L 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


17- 


-10 = LOW THEN CARRY OUT 




3-BIT 

PRIORITY 

CODE 
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8-BIT PRIORITY ENCODER (cont'd) 

DESCRIPTION 

THIS 8-BIT PRIORITY ENCODER SCANS FOR THE FIRST HIGH INPUT LINE (17-10) FROM 17 
(WHICH HAS THE HIGHEST PRIORITY) TO 10 (WHICH HAS THE LOWEST PRIORITY) . IT 
WILL GENERATE A BINARY ENCODED OUTPUT (S2-S0) WHICH WILL POINT TO THE HIGHEST 
PRIORITY INPUT WHICH IS AT A HIGH STATE. 

IP NO INPUT LINES ARE HIGH (I7-IO=LOW) , THEN THE BINARY ENCODED OUTPUTS WILL BE 
ZERO (S2-SO-LOW) AND THE ENABLE OUTPUT WILL BE HIGH (EN=HIGH) INDICATING A 
CARRY OUT TO THE NEXT PRIORITY ENCODER, THE OUTPUT ENABLE WILL BE LOW (EN«LOW) 
IP ANY OF THE INPUT LINES ARE HIGH. 

THE PLE8P4 ALSO HAS THREE-STATE OUTPUTS WITH TWO ACTIVE-LOW OUTPUT ENABLE 
CONTROL PINS (/El AND /E2) . 



8-BIT PRIORITY 
ENCODER 
PLE8P4 








MonoMhio GSI] MBm€tr§as 
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MMI SANTA CIAHA, CALIFORNIA 
.ADD AO A1 A2 A3 BO B1 B2 B3 
.DAT BQ NE LT GT 



EQ 


= 


A3:*;B3 


* 


A2:*:B2 


* 


A1:*;BI 


* 


A0:*:B0 




A = 


= B 




NE 


= 


A3;+:B3 


+ 


A2:+:B2 


+ 


A1:+:B1 


+ 


A0:+:B0 


§ 


A NOT 


= B 


LT 




/A3 * B3 














t 


A3 


LT 


B3 




+ 


A3:*:B3 


* 


/A2 * B2 










7 


A2 


LT 


B2 




+ 


A3:*:B3 


* 


A2;*:B2 


* 


/A1 * B1 






} 


A1 


LT 


B1 




+ 


A3:*;B3 


* 


A2:*;B2 


* 


A1:*:B1 


* 


/AO * BO 


7 


AO 


LT 


BO 


GT 


= 


A3 */B3 














7 


A3 


GT 


B3 




+ 


A3:*:B3 


* 


A2 */B2 










7 


A2 


GT 


B2 




+ 


A3;*;B3 


* 


A2:*:B2 


* 


A1 */Bl 






7 


A1 


GT 


B1 




+ 


A3:*:B3 


* 


A2:*:B2 


* 


A1:*:B1 


* 


AO */B0 


! 


AO 


GT 


BO 



DESCRIPTION 



THIS PLE8P4 COMPARES TWO 4-BIT NUMBERS (A3-A0 AND B3-B0) TO ESTABLISH IP THEY 
ARE EQUAL (A = B THEN EQ=H) , NOT EQUAL (A NOT = B THEN NE=H) , LESS THAN (A 
LT B THEN LT=H) , OR GREATER THAN (A GT B THEN GT=H) AND REPORTS THE 
COMPARISON STATUS ON THE OUTPUTS (BQ, NE, LT, GT) AS ILLUSTRATED IN THE 
OPERATIONS TABLE BELOW. 

THE PLE8P4 ALSO FEATURES THREE-STATE OUTPUTS WITH TWO ACTIVE-LOW OUTPUT ENABLE 
CONTROL PINS (/El AND /E2) . 

INPUT NUMBERS COMPARISON STATUS 

A3-A0 B3-B0 EQ NE LT GT OPERATION 

A = B H L L L COMPARE A EQUAL TO B 

A NOT = B L H X X COMPARE A NOT EQUAL TO B 

A LT B L H H L COMPARE A LESS THAN B 

A GT B L H L H COMPARE A GREATER THAN B 
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Random Logic 



PLE12P4 

P5012 

6-BIT MAGNITUDE COHPABATOR 

MMI SANTA CLARA, CALIFORNIA 

.ADD AO AX A2 A3 A4 A5 BO B1 B2 B3 B4 B5 

•DAT BQ NE LT GT 



EQ 


= 


A5 


;*:BS 


* 


A4:*;B4 


* 


A3:*;B3 


* 


A2:*:B2 


* 


Als*;Bl 


it 


A0:*:B0 ; 


1 A > B 




NE 


3 


A5 


: + :BS 


+ 


A4:-t-:B4 


+ 


A3;+;B3 


+ 


A2;+;B2 


+ 


A1;+;B1 


+ 


A0:-t-;B0 ; 


1 A NOT- B 


LT 


S 


/A5 


* BS 






















AS 


LT 


BS 




+ 


AS 


:*:BS 


* 


/A4 * B4 


















A4 


LT 


B4 




+ 


AS 


:*:BS 


* 


A4;*iB4 


* 


/A3 * B3 














A3 


LT 


B3 




+ 


AS 


:*;B5 


* 


A4;*!B4 


* 


A3:*:B3 


* 


/A2 * B2 










A2 


LT 


B2 




+ 


AS 


:*:BS 


* 


A4;*:B4 


* 


A3:*:B3 


* 


A2;*;B2 


* 


/A1 * B1 






A1 


LT 


B1 




+ 


AS 


:*iB5 


* 


A4;*:B4 


* 


A3:*:B3 


* 


A2:*:B2 


* 


A1;*:B1 


* 


/AO * BO 


AO 


LT 


BO 


GT 


= 


AS 


*/BS 






















AS 


GT 


BS 




+ 


AS 


:*:B5 


* 


A4 */B4 


















A4 


GT 


B4 




+ 


AS 


:*:BS 


It 


A4:*:B4 


* 


A3 */B3 














A3 


GT 


B3 




+ 


AS 


:*:B5 


it 


A4:*:B4 


* 


A3:*;B3 


* 


A2 */B2 










A2 


GT 


B2 




+ 


AS 


;*;BS 


* 


A4:*:B4 


* 


A3:*:B3 


* 


A2:*:B2 


* 


A1 */Bl 






A1 


GT 


B1 




+ 


AS 


:*;BS 


it 


A4:*:B4 


* 


A3:*:B3 


* 


A2:*:B2 


* 


A1;*:B1 


* 


AO */B0 


AO 


GT 


BO 



PLE DESIGN SPECIFICATION 
VINCENT COLI 10/16/83 



DESCRIPTION 

THIS PLE12P4 COMPARES TWO 6-BIT NUMBERS (A5-A0 AND B5-B0) TO ESTABLISH IP THET 
ARE EQUAL (A = B THEN EQ=H) , NOT EQUAL (A NOT » B THEN NE=H) , LESS THAN 
(A LT B THEN LT=H) , OR GREATER THAN (A GT B THEN GT-H) AND REPORTS THE 
COMPARISON STATUS ON THE OUTPUTS (EQ, NE, LT, GT) AS ILLUSTRATH5 IN THE 
OPERATIONS TABLE BELOW. 

THE PLE12P4 ALSO FEATURES THREE-STATE OUTPUTS WITH TWO ACTIVE-LOW OUTPUT ENABLE 
CONTROL PINS (/El AND /E2) . 

INPUT NUMBERS COMPARISON STATUS 
A5-A0 B5-B0 EQ NE LT GT OI^RATION 



A = B H L L L COMPARE A EQUAL TO B 

A NOT = B L H X X COMPARE A NOT EQUAL TO B 



6-BIT MAGNITUDE 
COMPARATOR 
PLE12P4 





MonolMhIo 



MemoHaa 
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PI£UP8 PLE DESIGN SPECIFICATION 

P5013 VINCENT COLI 06/12/84 

8-BIT BARREL SHIFTER 

MMI SANTA CLARA, CALIFORNIA 

.ADD DO D1 D2 D3 D4 D5 D6 D7 SO SI S2 

.DAT OO 01 02 03 04 05 06 07 



OO 


= /S0*/S1*/S2* 


DO 


SHIFT 


0 


PLACES 




+ S0*/S1*/S2* 


D1 


SHIFT 


1 


PLACES 




+ /SO* Sl*/S2* 


D2 


SHIFT 


2 


PLACES 




+ SO* Sl*/S2* 


D3 


SHIFT 


3 


PLACES 




+ /S0*/S1* S2* 


D4 


SHIFT 


4 


PLACES 




+ S0*/S1* S2* 


D5 


SHIFT 


5 


PLACES 




+ /SO* SI* S2* 


D6 


SHIFT 


6 


PLACES 




+ SO* SI* S2* 


D7 


SHIFT 


7 


PLACES 


01 


= /S0*/S1*/S2* 


D1 


SHIFT 


0 


PLACES 




+ S0*/S1*/S2* 


D2 


SHIFT 


1 


PLACES 




+ /SO* Sl*/S2* 


D3 


SHIFT 


2 


PLACES 




+ SO* Sl*/S2* 


D4 


SHIFT 


3 


PLACES 




+ /S0*/S1* S2* 


D5 


SHIFT 


4 


PLACES 




+ S0*/S1* S2* 


D6 


SHIFT 


5 


PLACES 




+ /SO* SI* S2* 


D7 


SHIFT 


6 


PLACES 




+ SO* SI* S2* 


DO 


SHIFT 


7 


PLACES 


02 


= /S0*/S1*/S2* 


D2 


SHIFT 


0 


PLACES 




+ S0*/S1*/S2* 


D3 


SHIFT 


1 


PLACES 




+ /SO* Sl*/S2* 


D4 


SHIFT 


2 


PLACES 




+ SO* Sl*/S2* 


D5 


SHIFT 


3 


PLACES 




+ /S0*/S1* S2* 


D6 


SHIFT 


4 


PLACES 




+ S0*/S1* S2* 


D7 


SHIFT 


5 


PLACES 




+ /SO* SI* S2* 


DO 


SHIFT 


6 


PLACES 




+ SO* SI* S2* 


D1 


SHIFT 


7 


PLACES 


03 


= /S0*/S1*/S2* 


D3 


SHIFT 


0 


PLACES 




+ S0*/S1*/S2* 


D4 


SHIFT 


1 


PLACES 




+ /SO* Sl*/S2* 


D5 


SHIFT 


2 


PLACES 




+ SO* Sl*/S2* 


D6 


SHIFT 


3 


PLACES 




+ /S0*/S1* S2* 


D7 


SHIFT 


4 


PLACES 




+ S0*/S1* S2* 


DO 


SHIFT 


5 


PLACES 




+ /SO* SI* S2* 


D1 


SHIFT 


6 


PLACES 




+ SO* SI* S2* 


D2 


SHIFT 


7 


PLACES 


04 


= /S0*/S1*/S2* 


D4 


SHIFT 


0 


PLACES 




+ S0*/S1*/S2* 


D5 


SHIFT 


1 


PLACES 




+ /SO* Sl*/S2* 


D6 


SHIFT 


2 


PLACES 




+ SO* Sl*/S2* 


D7 


SHIFT 


3 


PLACES 




+ /S0*/S1* S2* 


DO 


SHIFT 


4 


PLACES 




+ S0*/S1* S2* 


D1 


SHIFT 


5 


PLACES 




+ /SO* SI* S2* 


D2 


SHIFT 


6 


PLACES 




+ SO* SI* S2* 


D3 


SHIFT 


7 


PLACES 
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8-BIT BARREL SHIFTER (cont'd) 



05 


= 


/S0*/S1*/S2* 


D5 


SHIFT 


0 


PLACES 




+ 


S0*/S1*/S2* 


D6 


SHIFT 


1 


PLACES 




+ 


/SO* Sl*/S2* 


D7 


SHIFT 


2 


PLACES 




+ 


SO* Sl*/S2* 


DO 


SHIFT 


3 


PLACES 




+ 


/S0*/S1* S2* 


D1 


SHIFT 


4 


PLACES 




+ 


S0*/S1* S2* 


D2 


SHIFT 


5 


PLACES 




+ 


/SO* SI* S2* 


D3 


SHIFT 


6 


PLACES 




+ 


SO* SI* S2* 


D4 


SHIFT 


7 


PLACES 


06 




/S0*/S1*/S2* 


D6 


SHIFT 


0 


PLACES 




+ 


S0*/S1*/S2* 


D7 


SHIFT 


1 


PLACES 




+ 


/SO* Sl*/S2* 


DO 


SHIFT 


2 


PLACES 




+ 


SO* Sl*/S2* 


D1 


SHIFT 


3 


PLACES 




+ 


/S0*/S1* S2* 


D2 


SHIFT 


4 


PLACES 




+ 


S0*/S1* S2* 


D3 


SHIFT 


5 


PLACES 




+ 


/SO* SI* S2* 


D4 


SHIFT 


6 


PLACES 




+ 


SO* SI* S2* 


D5 


SHIFT 


7 


PLACES 


07 


= 


/S0*/S1*/S2* 


D7 


SHIFT 


0 


PLACES 




+ 


S0*/S1*/S2* 


DO 


SHIFT 


1 


PLACES 




+ 


/SO* Sl*/S2* 


D1 


SHIFT 


2 


PLACES 




+ 


SO* Sl*/S2* 


D2 


SHIFT 


3 


PLACES 




+ 


/S0*/S1* S2* 


D3 


SHIFT 


4 


PLACES 




+ 


S0*/S1* S2* 


D4 


SHIFT 


5 


PLACES 




+ 


/SO* SI* S2* 


D5 


SHIFT 


6 


PLACES 




+ 


SO* SI* S2* 


D6 


SHIFT 


7 


PLACES 



FONCnON TABLE 



S2 SI SO D7 D6 D5 D4 D3 D2 D1 DO 07 06 05 04 03 02 01 OO 



; SHIFT INPUT DATA OUTPUT DATA 

; SSS DDDDDDDD OOOOOOOO 

; 210 76543210 76543210 COMMENTS 



LLL 


HLLLLLLL 


HLLLLLLL 


BARREL 


SHIFT 


ONE 


HIGH 


0 


PLACES 


LLH 


HLLLLLLL 


LHLLLLLL 


BARREL 


SHIFT 


ONE 


HIGH 


1 


PLACES 


I£L 


HLLLLLLL 


LLHLLLLL 


BARREL 


SHIFT 


ONE 


HIGH 


2 


PLACES 


LHH 


HLLLLLLL 


LLLHLLLL 


BARREL 


SHIFT 


ONE 


HIGH 


3 


PLACES 


HLL 


HLLLLLLL 


LLLLHLLL 


BARREL 


SHIFT 


ONE 


HIGH 


4 


PLACES 


HLH 


HLLLLLLL 


LLLLLHLL 


BARREL 


SHIFT 


ONE 


HIGH 


5 


PLACES 


HHL 


HLLLLLLL 


LLLLLLHL 


BARREL 


SHIFT 


ONE 


HIGH 


6 


PLACES 


HHH 


HLLLLLLL 


LLLLLLLH 


BARREL 


SHIFT 


ONE 


HIGH 


7 


PLACES 


LLL 


LHHHHHHH 


LHHHHHHH 


BARREL 


SHIFT 


ONE 


LOW 


0 


PLACES 


LLH 


LHHHHHHH 


HLHHHHHH 


BARREL 


SHIFT 


ONE 


LOW 


1 


PLACES 


IHL 


LHHHHHHH 


HHLHHHHH 


BARREL 


SHIFT 


ONE 


LOW 


2 


PLACES 


IHH 


LHHHHHHH 


HHHLHHHH 


BARREL 


SHIFT 


ONE 


LOW 


3 


PLACES 


HLL 


LHHHHHHH 


HHHHLHHH 


BARREL 


SHIFT 


ONE 


LOW 


4 


PLACES 


HLH 


LHHHHHHH 


HHHHHLHH 


BARREL 


SHIFT 


ONE 


LOW 


5 


PLACES 


HHL 


LHHHHHHH 


HHHHHHLH 


BARREL 


SHIFT 


ONE 


LOW 


6 


PLACES 


HHH 


LHHHHHHH 


HHHHHHHL 


BARREL 


SHIFT 


ONE 


LOW 


7 


PLACES 



Monolithic 



■Alii] 



Momorlaa 
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PLBUP4 
P5014 

4-BIT RIGHT SHIFTER WITH PROGRAMMABLE OUTPUT POLARITT 
MHI LTD., FARNBOROUGH, U.K. 

.ADD SO SI IHV DO D1 D2 D3 D4 D5 D6 /BI 
.DAT OO 01 02 03 



PLE DESIGN SPECIFICATION 
CHRIS JAY 05/30/84 



OO - D0*/S0*/S1*/INV* EN ; SELECT INPUT DO 

+ /D0*/S0*/S1* INV* EN ; SELECT INPUT /DO 

+ Dl* S0*/S1*/INV* EN ; SELECT INPUT D1 

+ /Dl* S0*/S1* INV* EN j SELECT INPUT /Dl 

+ D2*/S0* S1*/INV* EN ; SELECT INPUT D2 

+ /D2*/S0* SI* INV* EN ; SELECT INPUT /D2 

+ D3* SO* S1*/INV* EN ; SELECT INPUT D3 

+ /D3* SO* SI* INV* EN ; SELECT INPUT /D3 



01 - D1*/S0*/S1*/INV» EN 

+ /D1*/S0*/S1* INV* aj 
+ D2* S0*/S1*/INV* EN 

+ /D2* S0*/S1* INV* EN 
+ D3*/S0* S1*/INV* EN 

+ /D3*/S0* SI* INV* EN 
+ D4* SO* S1*/INV* EN 

+ /D4* SO* SI* INV* EN 



SELECT 

SELECT 

SELECT 

SELECT 

SELECT 

SELECT 

SELECT 

SELECT 



INPUT Dl 
INPUT /Dl 
INPUT D2 
INPUT /D2 
INPUT D3 
INPUT /D3 
INPUT D4 
INPUT /D4 



02 - D2*/S0*/S1*/INV* EN ; SELECT INPUT D2 

+ /D2*/S0*/S1* INV* EN ; SELECT INPUT /D2 

+ D3* S0*/S1*/INV* ; SELECT INPUT D3 

+ /D3* S0*/S1* INV* EN ; SELECT INPUT /D3 

+ D4*/S0* S1*/INV* EN ; SELECT INPUT D4 

+ /D4*/S0* SI* INV* EN f SELECT INPUT /D4 

+ D5* SO* S1*/INV* EN ; SELECT INPUT D5 

+ /D5* SO* SI* INV* EN ; SELECT INPUT /D5 



03 - D3*/S0*/S1*/INV* EN 

+ /D3*/S0*/S1* INV* EN 
+ D4* S0*/S1*/INV* HJ 

+ /D4* S0*/S1* INV* EN 
+ D5*/S0* S1*/INV* ai 

+ /D5*/S0* SI* INV* EN 
+ D6* SO* S1*/INV* EN 

+ /D6* SO* SI* INV* EN 



SELECT 

SELECT 

SELECT 

SELECT 

SELECT 

SELECT 

SELECT 

SELECT 



INPUT D3 
INPUT /D3 
INPUT D4 
INPUT /D4 
INPUT D5 
INPUT /D5 
INPUT D6 
INPUT /D6 








ItHonoSIthio RIkII MontoHe* 
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/Ql SI SO INV D6 D5 D4 D3 D2 D1 DO 03 02 01 OO 



-CONTROL- 
/ I 

E S S N 
N 1 0 V 


-INPUT 
D D D D 
6 5 4 3 


DATA- 
D D D 
2 10 


OUTPUTS 
0 0 0 0 
3 2 10 


COMMENTS 










H 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


L 


L 


L 


L 


TEST ENABLE, 


OUTPUTS GO LOW 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


SHIFT COUNT 


= 


0, 


TRUE 


POLARITY 


L 


L 


H 


L 


L 


L 


L 


H 


H 


H 


H 


L 


H 


H 


H 


SHIFT COUNT 


= 


1, 


TRUE 


POLARITY 


L 


H 


L 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


H 


H 


SHIFT COUNT 


= 


2, 


TRUE 


POLARITY 


L 


H 


H 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


H 


SHIFT COUNT 


= 


3, 


TRUE 


POLARITY 


L 


L 


L 


H 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


SHIFT COUNT 


= 


0, 


COMP 


POLARITY 


L 


L 


H 


H 


L 


L 


L 


H 


H 


H 


H 


H 


L 


L 


L 


SHIFT COUNT 


= 


1, 


COMP 


POLARITY 


L 


H 


L 


H 


L 


L 


L 


H 


H 


H 


H 


H 


H 


I. 


L 


SHIFT COUNT 


= 


2, 


COMP 


POLARITY 


L 


H 


H 


H 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


L 


SHIFT COUNT 


a: 


3, 


COMP 


POLARITY 
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4-BIT RIGHT SHIFTER WITH PROGRAMMABLE OUTPUT POLARITY (cont’d) 

DESCRIPTION 

THIS PLE11P4 IMPLEMENTS A 4-BIT RIGHT SHIFTER WITH PROGRAMMABLE OUTPUT 
POLARITY. THE SHIFTER CAN RIGHT SHIFT SEVEN BITS OF DATA, FOUR BITS AT A 
TIME. THE SEVEN DATA INPUTS (D6-D0) ARE SHIFTED 0, I, 2, OR 3 LOCATIONS AS 
DETERMINED BY THE 2-BIT SHIFT CONTROL LINE (Sl-SO) . THE SHIFTED DATA IS THEN 
DIRECTED TO THE FOUR OUTPUTS (03-00) . 

THE OUTPUT DATA IS NONINVERTED (0=D) WHEN IN^^L AND INVERTED (0=/D) WHEN 
INV=H. THE OUTPUTS ARE FORCED LOW (0=L) WHEN /EN=H REGARDLESS OF OTHER 
INPUTS. THE PLE11P4 ALSO FEATURES THREE-STATE OUTPUTS WITH ONE ACTIVE LOW 
OUTPUT ENABLE (/E) . 

A POSSIBLE UPGRADE VERSION OF THIS DESIGN IMPLEMQITED IN A PLE12P4 COUU3 
INCLUDE A DIRECTION CONTROL LINE. THIS CONTROL LINE PERMITS THE 4-BIT RIGHT 
SHIFTER TO SHIFT DATA IN EITHER DIRECTION (LEFT OR RIGHT) . 

OPERATIONS TABLE: 

/EM INV Sl-SO D6-D0 03-00 OPERATION 



H X X X L DISABLE OUTPUTS LOW 

L L N D SHIFT (D) SHIFT NONINVERTED DATA "N" PLACES 

L H N D SHIFT(/D) SHIFT INVERTED DATA "N" PLACES 



4-BIT RIGHT SHIFTER 
WITH PROGRAMMABLE 
OUTPUT POLARITY 



SEVEN 

DATA 

INPUTS 




SHIFT 

CONTROL 

LINE 



FOUR 

DATA 

OUTPUTS 



PLE11P4 




Mono/NMo 



oie 



MamoHam 
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FLE8P8 

P5015 

8-BIT TWO'S COMPLEMENT CONVERSION 
MMI BREA, CALIFORNIA 
.ADD DO D1 D2 D3 D4 D5 D6 D7 
.DAT YO VI Y2 Y3 Y4 Y5 Y6 Y7 



YO - DO 

Y1 » D1 ;+; DO 

Y2 » D2 ;+; DO + D1 

Y3 « D3 ;+: DO + D1 + D2 

Y4 « D4 :+: DO + D1 + D2 + D3 

Y5 « D5 ;+; DO + D1 + D2 + D3 + D4 

Y6 ■ D6 ;+: DO + D1 + D2 + D3 + D4 + D5 

Y7 = D7 :+: DO + D1 + D2 + D3 + D4 + D5 + D6 



FUNCTION TABLE 

D7 D6 D5 D4 D3 D2 D1 DO Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO 



LLLLLLLL LLLLLLLL 

LLLLLLLH HHHHHHHH 

LLLLLLHH HHHHHHLH 

LLLLLHHH HHHHHLLH 

LLLLHHHH HHHHLLLH 

LLLHHHHH HHHLLLLH 

LLHHHHHH HHLLLLLH 

LHHHHHHH HLLLLLLH 

HHHHHHHH LLLLLLLL 

HHHHHHHL LLLLLLHL 

HHHHHHLL LLLLLHLL 

HHHHHLLL LLLLHLLL 

HHHHLLLL LLLHLLLL 

£i£iH£iLIjL£i 
HHIiIiZiCtltli £iHLriLLLIi 

HLLLLLLL HLLLLLLL 



8-BIT / TWO’S 

BINARY D- V > COMPLEMENT 
NUMBER CONVERSION 
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PLE DESIGN SPECIFICATION 
MIKE VOGEL 11/28/83 



; CONVERT 1ST BIT (LSB) 
; CONVERT 2ND BIT 
; CONVERT 3RD BIT 
j CONVERT 4TH BIT 
; CONVERT 5TH BIT 
; CONVERT 6TH BIT 
! CONVERT 7TH BIT 
; CONVERT 8TH BIT (MSB) 



;DECIMAL 



0 

1 

3 

7 

15 

31 

63 

127 
255 
254 
252 
248 
240 
224 
192 

128 



Y 



TWO'S 

COMPLEMENT 

REPRESENTATrON 
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8-BIT TWO’S COMPLEMENT CONVERSION (cont’d) 

DESCRIPTION 

THIS PLE8P8 CONVERTS AN 8-BIT BINARY NUMBER (D7-D0) INTO TWO'S COMPLOfflNT 
REPRESQJTATION (Y7-Y0) WHERE D7 AND Y7 ARE THE MSB AND DO AND YO ARE THE LSB. 
TWO'S COMPLEMENT REPRESENTATION IS USED IN SIGNH) ARITHMETIC SYSTEMS. 

8-BIT TWO’S COMPLEMENT 
CONVERSION 

PLE8P8 

DO 

D1 

D2 

D3 

D4 

YO 

Y1 

Y2 

Y3 

GND 









h FORTIOM OF TIMING GENERATOR FOR PAL ARRAY PROGRAMMING 
MMI JAPAN 

.ADD AO A1 A2 A3 A4 

.DAT NAO NAl NA2 NA3 NA4 TIALR TVCC TO 
; VEXT ADDRESS GENERATOR 



MAO 


m 


/AO 






NAl 


« 


AO 










A1 






NA2 


m 


A2 








:+: 


AO* 


A1 




NA3 


. 


A3 










AO* 


Al* 


A2 


NA4 


« 


A4 








:+s 


AO* 


Al* 


A2* A3 


; TIMING WAVEFORMS 



TIALR - /A4*/A3 

+ /A4* /A2*/A1 

TVCC - /A4*/A3* A2 

+ /A4* A3*/A2*/A1 

TO - /A4* A3VA2*/A1*/A0 
+ /A4*/A3* A2* A1 
+ /A4*/A3* A2* AO 



; INCRSCENTER (LSB) 

I INCREMQITER (BITl) 

; INCRSfatTER (BIT2) 

; INCROtBlTER (BIT3) 

; mCREMBlTER (MSB) 

; TIMING FOR I, A AND L/R 
; TIMING FOR VCC 
; TIMING FOR 0 
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TIMING GENERATOR FOR PAL PROGRAMMING (cont’d) 
PONCTION lABLE 



A4 A3 A2 A1 AO NA4 NAS NA2 NAl NAO TIALR TVCC TO 



;AAAAA 
; 43210 


NNNNN 

AAAAA 

43210 


TIMING 

TIALR 


WAVEFORMS 
TVCC TO 




#« 


COMMENTS 


T-T.T.T.T. 


LLLLH 


H 


L 


L 




01 ; ASSERT TIALR 


T.T.T.T.H 


LLLHL 


H 


L 


L 




02 




T.r.r.HT. 


LLLHH 


H 


L 


L 




03 




LLLHH 


LLHLL 


H 


L 


L 




04 




TrT.Ht.L 


LLHLH 


H 


H 


L 




05 


ASSERT TVCC 


LLHLH 


LLHHL 


H 


H 


H 




06 


ASSERT TO 


LLHHL 


LLHHH 


H 


H 


H 




07 




r.r.HHH 


LHLLL 


H 


H 


H 


; 08 




IBLLL 


LHLLH 


H 


H 


H 




09 




LHLLH 


LHLHL 


H 


H 


L 




10 


CLEAR TO 


LHLHL 


LHLHH 


L 


L 


L 




11 


CLEAR TIALR 6 TVCC 


LHLHH 


LHHLL 


L 


L 


L 




12 




IiHHLL 


LHHLH 


L 


L 


L 




13 




XiHHXiH 


LHHHL 


L 


L 


L 




14 




LHHHL 


LHHHH 


L 


L 


L 




15 




LHHHH 


HLLLL 


L 


L 


L 




16 




HLLLL 


HLLLH 


L 


L 


L 




17 




HLLLH 


HLLHL 


L 


L 


L 




18 




HLLHL 


HLLHH 


L 


L 


L 




19 




HLLHB 


HLHLL 


L 


L 


L 




20 




HLHLL 


HLHLH 


L 


L 


L 




21 




HLHLH 


HLHHL 


L 


L 


L 




22 




HLHHL 


HLHHH 


L 


L 


L 




23 




HLHHH 


HHLLL 


L 


L 


L 




24 




HHLLL 


HHLLH 


L 


L 


L 




25 




HHLLH 


HHLHL 


L 


L 


L 




26 




HHLHL 


HHLHH 


L 


L 


L 




27 




HHLHH 


HHHLL 


L 


L 


L 




28 




BHBLL 


HHHLH 


L 


L 


L 




29 




HHHLH 


HHHHL 


L 


L 


L 




30 




HHHHL 


HHHHH 


L 


L 


L 




31 




HHHHH 


LLLLL 


L 


L 


L 




32 
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TIMING GENERATOR FOR PAL SECURITY FUSE PROGRAMMING (confd) 

DESCRIPTION 

THIS LOGIC SPECIFICATION IS A TIMING SIGNAL GENERATOR TO BE USQ} FOR 
ARRAY PROGRAMMING OF PAL DEVICES. A PLE8P8 FOLLOWED BY A REGISTERED 
ARE USED TO IMPLEMENT THIS FUNCTION. 

THE PLE CONTAINS BOTH 5-BIT NEXT ADDRESS AND 3-BIT WAVEFORMS. TIALR 
OUTPUT IS A TIMING WAVEFORM FOR I, A, AND L/R SIGNALS, AND TVCC AND 
TO OUTPUTS ARE USED FOR VCC AND 0 SIGNALS, RESPECTIVELY. (SEE "PAL 
PROGRAMMING/VERIFYING PROCEDURE’ IN THE PAL DATA SHEET FOR MORE DETAILS) 

THE SCHQ1ATIC IS AS FOLLOWS: 




TIALR, TVCC 
TO 



NA(0:4) 



APPLYING 200KHZ CLOCK SIGNAL TO THE CLK INPUT OF THE REGISTER 
GENERATES THE FOLLOWING TIMINGS: 



I, A, AND L/R WIDTH 




50 


usee 


tD2 




20 


usee 


tD 




5 


usee 


tVCCP 




30 


usee 


Tp 




20 


usee 



BECAUSE THE TIMING PATTERNS ARE STORED IN THE PLE,, WE CAN EASILY 
CALIBRATE THE RELATIONS AND THE PERIOD AMONG THOSE SIGNALS TO MAKE 
AN OPTIMUN CONDITION. 

A PORTION OF A 
TIMING GENERATOR FOR 
PAL ARRAY PROGRAMMING 

PLE5P8 
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PLE5P8 PLE DESIGN SPECIFICATION 

P5028 S. HORIKO 11/29/83 

TIMING GENERATOR FOR PAL SECURITY FUSE PROGRAMMING 
MMI JAPAN 

.ADD AO A1 A2 A3 A4 

.DAT NAO NAl NA2 NA3 NA4 TVCC TPOl TPll 

; NEXT ADDRESS GENERATOR 
» ( THE COUNTER LOCKS UP AT COUNT-^22 ) 



NAO - /A4* /A1*/A0 

+ /A4* A1*/A0 

+ A4*/A3*/A2* /AO 
+ A4*/A3* A2*/A1 



INCREMENTER (LSB) 
INCR91ENTER (LSB) 
INCRS4ENTER (LSB) 
INCRQIENTER (LSB) 



NAl - /A4* /Al* AO 

+ /A4* A1*/A0 

+ A4*/A3*/A2*/A1* AO 
+ A4*/A3*/A2* A1*/A0 



} INCREMENTER (BITl) 
; INCRQIENTER (BITl) 
j INCREMENTER (BITl) 
; INCREMENTER (BITl) 



NA2 - /A4* A2*/A1 

+ /A4* A2* /AO 

+ /A4* /A2* Al* AO 

+ A4*/A3* A2*/A1 
+ A4*/A3*/A2* Al* AO 



INCREMENTER (BIT2) 
INCREMENTER (BIT2) 
INCREMENTER (BIT2) 
INCRQIENTER (BIT2) 
INCREMENTER (BIT2) 



NA3 - /A4* A3*/A2 

+ /A4* A3* /Al 
+ /A4* A3* /AO 

+ /A4*/A3* A2* Al* AO 



INCREMENTER (BIT3) 
INCREMENTER (BIT3) 
INCRQIENTER (BIT3) 
INCRQIENTER (BIT3) 



NA4 - /A4* A3* A2* Al* AO 
+ A4*/A3*/A2 
+ A4*/A3* /Al 



; INCREMENTER (MSB) 
; INCRQIENTER (MSB) 
; INCRSIENTER (MSB) 



; TIMING WAVEFOIMS 

TVCC - /A4 

+ A4*/A3*/A2*/A1 
+ A4*/A3*/A2* /AO 

TPOl - /A4*/A3* A2 

+ /A4*/A3* Al 

+ /A4*/A3* AO 

+ /A4* A3*/A2*/A1*/A0 

TPll - /A4* A3* A2 

+ /A4* A3* Al 

+ A4*/A3*/A2*/A1 



TIMING FOR VCC 



TIMING FOR PIN 01 



TIMING FOR PIN 11 
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PONCnON TABLE 



A4 A3 A2 A1 AO NA4 KA3 NA2 NAl NAO TVCC TPOl TPU 



NNNNN 



•AAAAA 

■43210 


AAAAA 

43210 


TIMING 

TV3CP 


WAVEFORMS 
TPOl TPll 


f« 


! 


COMMENTS 


T.T.T.T.T. 


LLLLH 


H 


L 


L 


01 


i 


ASSERT TVCC, START HERE 


LLLLH 


LLLHL 


H 


H 


L 


02 




ASSERT TPOl 


T.T.T.BT. 


LLLHH 


H 


H 


L 


03 


; 


LLLHH 


LLHLL 


H 


H 


L 


04 






LLHLL 


LLHLH 


H 


H 


L 


05 






LLRLH 


LIiHHL 


H 


H 


L ; 06 






LLHHL 


LLHHH 


H 


H 


L 


07 






LTiHHH 


LHLLL 


H 


H 


L 


08 






LBLLL 


LHLLH 


H 


H 


L 


09 




CLEAR TPOl 


LHLLH 


LtHLHL 


H 


L 


L 


10 




ASSERT TPll 


LHLHL 


LHLHH 


H 


L 


H 


11 






LHLHH 


IiRHLri 


H 


L 


H 


12 






TJIHT.T. 


LBHLH 


H 


L 


H 


13 






T«HH »H 


LHHHL 


H 


L 


H 


14 






TJjHHT. 


LHHHH 


H 


L 


H 


15 






LHHHH 


HLLLL 


H 


L 


H 


16 






m.T.T.T. 


HLLLH 


H 


L 


H 


17 






HLLLH 


HLLHL 


H 


L 


H 


18 






BLLHL 


HLLHH 


H 


L 


L 


19 




CLEAR TPll 


HLTjHH 


HLHLL 


L 


L 


L 


20 




CLEAR TVCC 


HLHLL 


HLHLH 


L 


L 


L 


21 






HLHLB 


HLHLH 


L 


L 


L 


22 




LOOP HERE UNTIL RESET 
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TIMING GENERATOR FOR PAL PROGRAMMING (cont'd) 

DESCRIPTIOK 

THIS LOGIC SPECIFICATION IS A TIMING SIGNAL GENERATOR TO BE USED FOR 
SECURITY FOSE PROGRAMMING OP PAL DEVICES. A PLE5P8 FOLLOWED BY AN 
8-BIT REGISTER ARE USED TO IMPLEMENT IHIS FUNCTION. 

THE PLE CONTAINS TWO FUNCTIONS IN THE SINGLE CHIP. THE FIRST FUNCTION 
IS A UNIQUE COUNTER USED FOR NEXT ADDRESS GENERATION. THE COUNTER 
INCRBffiNTS UP TO COONT-21 AND THEN LOCKS UP THE INCREMENTAL OPERATION AT 
COONT-22. THE SECOND FUNCTION IS A TIMING GENERATOR USED FOR DEFINING 
TIMING RELATIONSHIP AMOUNG VCC, POl, AND Pll SIGNALS (SEE "PAL 
PHOGRA»«ING" IN THE PAL DATA SHEET FOR MORE DETAILS.) 

THE SCHaiATIC IS AS FOLLOWS: 




THIS LOGIC OUTPUTS A SEQUENCE OP TIMING PATTERNS DURING THE INCREMENTAL 
OPERATION AND THQl HOLDS ALL OUTPUTS LOW UNTIL RESET SIGNAL FOR THE 
8-BIT REGISTERED IS APPLIED. 

APPLYING 200 KHz CLOCK SIGNAL TO THE CLK INPUT OF THE REGISTER, THE 
FOLLOWING TIMINGS ARE GENERATED: 

1. VCC WIDTH : 95 usee 

2. TPP : 40 usee 

3. tD : 5 usee 

BY APPLYING THIS DESIGN METHOD, WE CAN EASILY GENERATE A SEQUENCE OF 
UNIQUELY DEFINED PATTERNS EACH TIME THE RESET PULSE IS APPLIED. 



TIMING GENERATOR FOR PAL 
SECURITY FUSE PROGRAMMING 
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Fast Arithmetic Look-up 

In performing arithmetic operations like trigonometric functions, 
multiplications and division, in order to reduce the delay, look-up 
tables are often used. 

Sine Look-up 

For trigonometric functions like sine function, it is very time- 
consuming to generate the function using the polynomial which 
represents the function. PLEs can provide a very good alterna- 
tive for sine look-up. An example is to use a 2 K X 8 PLEtodoa 
sine look-up of an 11 -bit input to 8-bit sine outputs. 

Since sine function has the foliowing property: sin (X) = sin(7r-x) 
= -sin (tt + x) = -sin (27T-X) = sin (27 t + x), what is needed is just 
the sine function for 0 < x < rr/2, the rest can be easi iy calculated 
using the above reiatlons. In order to fully utilize the dynamic 
range, the inputs of the sine iook-up PLE should be normalized to 
(7 t/2) / (2'’) = 7t/[2^ * ^jwherenisthenumberofaddresslinesto 
the PLE. 

Since n is fixed for the PLE chosen, and tt is a constant, for the 
look-up table 7r/[2'’'*'^] is a constant. Therefore, if the sine 
function of a given x is to be found, x will first be multiplied by 
the constant [2'’ * ^ ]/w and sent to the address of the PLE to get 
the finai result. 

Cos (x) is related to sine function as sin (n-/2-x). Thus cosine 
function can aiso be found in the same manner by using tt/2-x 
instead of just x. Other functions like tangent, secant etc., can 
aiso be found as a function of sine. 

To increase the dynamic range of outputs, we can just use 
another PLE, say, 2 Kx8 PLE, to generate the iess-significant 
bits of the sine function. 

If a larger dynamic range is needed for the inputs, result may be 
approximated using the Taylor series: 

f (x) = f (xO) + f (xO) (x-xO) + 1/2T (xO) (x-x0)2 + . . . 

where f and f are the first and second derivations of f. Since xO 
by itself represents a dynamic range of and x is xO 
concatenated with the rest of the bits, x-xO must lie between 0 
and 1/2'^. For f (x) = sin (x), 

f (x0)= sin (xO) 
f (x0)= cos(xO) 
and f” (xO) = -sin (xO) 

So r (xO) Is between -1 and 0 for xO lies between 0 and tt/2 and 
1 x-xO| <2"” Therefore, the iast term wili be between ± 1/2”^ and 
0 and as long as we do not want to expand the dynamic range of 
X beyond 2n-bits, it should be sufficient to approximate sin (x) in 
the first two terms: 

sin (x) = sin (xO) + cos (xO) (x-xO) 



Since x-xO is represented by only the bits after the more signifi- 
cant n-bits, and cos(xO) = sin (tt/2-xO), the implementation will 
be very simple. 

Division 

Division will normally be much slower than multiplication. There 
are several ways to perform division. Bit-by-bit division restoring 
and nonrestoring algorithms are generally very slow. Another 
way is to use several bits at a time division which is faster than 
the previous methods. A third way is to multiply the dividend by 
the inverse of the divisor. The inverse of the divisor can be found 
by getting an approximation followed by iterations. 

The approximation is again given by the Taylor series: 
f (X) = f (xO) + f (xO) (x-xO) + 1/2 f" (xO) (x-x0)2 + . . . 

andf (x0)=1/x0 
f (xO) = -1/x02 
r (xO) = 2 /xq3 

Say xO Is 8-bit long and the first approximation of the inverse is 
found using a 256 x 8 PLE. The first approximation can be 
obtai ned by subtracting (x-xO) / (xO^) . Since the f i rst aTOroxima- 
tion is limited by an error of approximately (x-xO)^/xO^ and if xO 
is at least 1, the error is limited by approximately (x-xOj^. Since 
xO has a 8-bit resolution, and x-xO is represented by the rest of 
the bits. The resolution of the second approximation will be 
about 16 bits. The third approximation is similarly deduced 
and has a resolution of about 32 bits, and the fourth has a resolution 
of about 64 bits. 

The inverse thus obtained is then multiplied by the dividend to 
give the quotient. 

Scaling 

In arithmetic operations, scaling is sometimes needed. Scaling 
normally involves multiplication ordivision by a constant. If this 
constant can be expressed in 2^ where n is an integer, then 
scaling is simply shifting. Scaling with other constants may need 
a multiplier. A multiplier is more expensive and has a higher pin 
count than using a PLE. A PLEcan reduce the pin count because 
the constant that the operand is to be scaled is not required as an 
input as in the case of a multiplier. This will tremendously reduce 
the overhead for data scaling. 

Other Applications 

Arithmetic look-up are also very useful for arithmetic operations 
where conventional binary integral arithmetic is not applicable 
—like residue arithmetic, and distributed arithmetic. 



TWX: 910-338-2376 

2175 Mission College Boulevard, Santa Clara, CA 95054 Tel; (408) 970-9700 TWX; 910-336-2374 
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FLE8P8 

P5018 

4-BIT MULTIPLIER LOOK-OP TABLE 
MMI SANTA CLARA, CALIFORNIA 
.ADD XO XI X2 X3 YO Y1 Y2 Y3 
.DAT SO SI S2 S3 S4 S5 S6 S7 



PLE DESIGN SPECIFICATION 
VINCENT COLI 12/08/82 



S7,S6,S5,S4,S3,S2,S1,S0 = X3,X2,X1,X0 .*. Y3,Y2,Y1,Y0 ; S = X * Y 



FUNCTION TABLE 



X3 X2 


XI XO Y3 


Y2 Y1 YO S7 


S6 


S5 


S4 


S3 


S2 


; -OPERANDS- 


PRODUCTS 












;XXXX 


YYYY 


SSSSSSSS 


COMMENTS 




;3210 


3210 


76543210 












LLLL 


LLLL 


LLLLLLLL 


0 


* 


0 


S 


0 


LLLH 


HHHH 


LLLLHHHH 


1 


* 


15 


= 


15 


HHHH 


LLLH 


LLLLHHHH 


15 


* 


1 


= 


15 


HHHH 


HHHH 


HHHLLLLH 


15 


* 


15 


= 


225 



DESCRIPTION 

THIS PLE8P8 PERFORMS 4-BlT LOOK-UP TABLE MULTIPLICATION. THE DEVICE 
ACCEPTS TWO 4-BIT OPERANDS (X3-X0 AND Y3-Y0) TO PRODUCE THE 8-BIT 
PRODUCT (S7-S0) . THE PLE8P8 ALSO HAS THREE- STATE OUTPUTS WITH TWO 
ACTIVE-LOW OUTPUT ENABLE CONTROL PINS (/El AND /E2) . 




X3 X2 XI XO TW0 4-BIT 
X Y3 Y2 Y1 YO operands 



S7 S6 S5 S4 S3 S2 SI SO 

— V ■ ^ 

8-BIT PRODUCT 



4-BIT MULTIPLIER 
LOOK-UP TABLE 
PLE8P8 





{ Y 


4-BIT 

MULTIPLIER 
LOOK-UP TABLE 


8 

/ 


/ 



s 



xo^ 

XI ^ 
X2^ 
X3 ^ 
YO [T 

50 ^ 

51 1^ 

52 1^ 

53 ^ 
GND Fl 



44 

4=- 



AND 

OR 

GATE 

ARRAY 






- 14 - 





vcc 




Y3 




Y2 




Y1 




E2 




eT 



B'- 



S7 
SB 
I 12 I S5 
fin S4 
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PETER ZECHERLE 03/06/84 



P5023 

AFC TANGE2W LOOK-OP TABLE 

MMI GMBH MDMICH 

.ADD AO A1 A2 A3 A4 

.DAT FO PI F2 F3 F4 F5 P6 F7 



FO = Al* /A3*/A4 
+ A2*/A3 





+ 


A0*/A1* 


A3*/A4 




+ /AO* Al* 


/A4 




+ 


/A0*/A1* 


/A3* A4 




+ 


AO* 


A2 




+ 


Al* 


A2 


FI 


s 


/Al* 


A3*/A4 




+ 


AO* 


/A3* A4 




+ 


Al* 


/A3* A4 




+ 




A2*/A3* A4 




+ 


AO* Al* 


/A3 




+ 


AO* 


A2*/A3 




+ 


/AO* Al* 


A2* /A4 




+ 


AO* /A2* A3*/A4 


P2 




AO* 


/A3*/A4 




+ 


Al*/A2* /A4 




+ 




A3* A4 




+ 


/AO* 


A2* A3*/A4 




+ 


/Al* 


A2* A3*/A4 


F3 




Al*/A2* /A4 




+ 


/Al* 


A2* /A4 




+ 


> 

o 

4 


A3*/A4 




+ 


/Al* 


A3*/A4 


F4 


8S 


/Al* 


A3*/A4 




+ 


AO* Al*/A2* /A4 




+ 


Al* A2*/A3*/A4 




+ 


/AO* 


A3*/A4 


F5 




A0*/A1* 


/A4 




+ 




A2*/A3*/A4 




+ 


/A2* A3*/A4 




+ 


/AO* 


A3*/A4 


F6 


3= 


A0*/A1*/A2*/A3 




+ 


AO* Al* 


A2* A3 




+ 




A4 


F7 


S 


Al 






+ 




A2 




+ 




A3 



A4 



; COMPUTE DIGIT FOR 2EXP-7 (0.00078125) (LSB) 



; COMPOTE DIGIT FOR 2EXP-6 (0.015625) 



; COMPOTE DIGIT FOR 2EXP-5 (0.03125) 



; COMPOTE DIGIT FOR 2EXP-4 (0.0625) 



; COMPUTE DIGIT FOR 2EXP-3 (0.125) 



; COMPOTE DIGIT FOR 2EXP-2 (0.25) 



; COMPUTE DIGIT FOR 2EXP-1 (0.5) 



; COMPUTE DIGIT FOR 2EXP0 (1) (MSB) 
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ARC TANGENT LOOK-UP TABLE (cont’d) 

FUNCTION TABLE 

; ANGLE F = ARCTAN(A) 

; INTEGER INTEGER FRACTIONS F = ARCTAN(A) 



A4 


A3 


A2 A1 


> 

o 


F7 


F6 


F5 




F3 


F2 


FI 


FO 


; ANGLE 


LOOK-UP 


CALCULATED 


L 


L 


L L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


0 


0.0000 


0.0000 


L 


L 


L L 


H 


L 


H 


H 


L 


L 


H 


L 


L 


1 


0.7813 


0.7854 


L 


L 


L H 


L 


H 


L 


L 


L 


H 


H 


L 


H 


2 


1.1016 


1.1071 


L 


L 


H L 


L 


H 


L 


H 


L 


H 


L 


L 


H 


4 


1.3203 


1.3258 


L 


L 


H L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


5 


1.3672 


1.3734 


L 


H 


L L 


L 


H 


L 


H 


H 


H 


L 


H 


L 


8 


1.4531 


1.4464 


H 


L 


L L 


L 


H 


H 


L 


L 


L 


L 


L 


H 


16 


1.5078 


1.5084 


H 


H 


H H 


H 


H 


H 


L 


L 


L 


H 


L 


H 


31 


1.5391 


1.5385 



DESCRIPTION 

THIS APPLICATION ILLUSTRATES THE CALCULATION OF THE ARC TANGENT FUNCTION USING 
A PLE5P8 AS A LOOK-UP TABLE. OTHER TRIGONOMETRIC FUNCTIONS (SUCH AS SINE, 
COSINE, COTANGENT, SECANT, COSECANT AND THEIR ARC INVERSE EQUIVALENT FUNCTIONS) 
OR HYPERBOLIC FUNCTIONS CAN ALSO BE CONSTRUCTED USING PLES AS LOOK-UP TABLES. 

F = ARCTAN(A) WHERE F = ARC TANGENT OF A 

A = ANGLE IN RADIANS 



EXAMPLE! FOR A = 5, F = ARCTAN(5) = 1.3672 

A PLE WITH MORE INPUTS, SUCH AS THE PLE11P8, SHOULD BE USED TO CONSTRUCT A 
LOOK-UP TABLE WHEN ADDITIONAL ACCURACY IS REQUIRED. 




ARC TANGENT 
LOOK-UP TABLE 
PLE5P8 
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PLE5P8 PLE DESIGN SPECIFICATION 

P5024 WILLY VOLDAN 06/02/84 

HYPOTENUSE OF A RIGHT TRIANGLE LOOK-DP TABLE 

MMI GMBH MUNICH 

.ADD AO A1 BO B1 B2 

.DAT CO Cl C2 C3 C4 C5 C6 C7 



CO = 


A0*/B2* 


Bl 


+ /Al* AO* B2*/B1 


+ 


Al* /B2* 


BO 


+ 


Al* /B2* 


Bl 


+ 


A1*/A0* B2*/B1*/B0 


+ 


Al* AO* 


Bl* BO 


+ 


A0*/B2* 


BO 


Cl = 


AO* 


B1*/B0 


+ 

+ 


/Al* AO* B2 
Al*/A0*/B2* 


BO 


+ 


A1*/A0* B2* 


/BO 


+ 


AO* B2* 


BO 


+ 


Al* AO* 


Bl 



C2 = A0*/B2* BO 

+ /hi* A0*/B2* Bl 
+ A1*/A0* B2*/B1 

+ Al* AO* B2* Bl 
+ Al* /B2*/B1* BO 

C3 = /Al* A0*/B2*/B1* BO 
+ A1*/A0* B1*/B0 

+ A1*/A0* B2 

+ Al* B2* BO 

C4 = Al*/A0*/B2* Bl 

+ Al* AO* B2*/B1* BO 
+ Al* AO* B1*/B0 

C5 = /Al* BO 

+ A0*/B2*/B1 

+ /AO* Bl* BO 

+ B2* BO 

+ Al* A0*/B2* /BO 
+ Al* AO* /Bl 

C6 = /Al* Bl 

+ Al* /B2*/B1 
+ B2* Bl 

+ /AO* Bl 

+ B1*/B0 

C7 = B2 

+ Al* AO* Bl* BO 



; COMPUTE DIGIT FOR 2EXP-5 (0.03125) (LSB) 



; COMPUTE DIGIT FOR 2EXP-4 (0.0625) 



; COMPOTE DIGIT FOR 2EXP-3 (0.125) 



} COMPUTE DIGIT FOR 2EXP-2 (0.25) 



; COMPOTE DIGIT FOR 2EXP-1 (0.5) 



; COMPUTE DIGIT FOR 2EXP0 (1) 



; COMPUTE DIGIT FOR 2EXP1 (2) 



; COMPUTE DIGIT FOR 2EXP2 (4) (MSB) 
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HYPOTENUSE OF A RIGHT TRIANGLE LOOK-UP TABLE (cont'd) 

FONCTIOM TABLE 

; -LENGTH OP SIDES- LENGTH OF THE HYPOTENUSE 

;SIDE A SIDE B INTEGER FRACTION SIDES LENGTH OF HYPOTENUSE 



A1 


AO 


B2 


B1 


BO 


C7 


C6 


C5 


C4 


C3 


C2 


Cl 


CO 


;A 


B 


LOOK-UP 


CALCULATED 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


0 


0 


0.00 


0.00 


L 


L 


L 


L 


H 


L 


L 


H 


L 


L 


L 


L 


L 


0 


1 


1.00 


1.00 


L 


L 


L 


H 


L 


L 


H 


L 


L 


L 


L 


L 


L 


0 


2 


2.00 


2.00 


L 


L 


H 


L 


L 


H 


L 


L 


L 


L 


L 


L 


L 


0 


4 


4.00 


4.00 


L 


H 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


1 


0 


1.00 


1.00 


H 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


L 


2 


0 


1.00 


1.00 


H 


L 


L 


H 


L 


L 


H 


L 


H 


H 


L 


L 


H 


2 


2 


2.78 


2.83 


H 


L 


H 


L 


L 


H 


L 


L 


L 


H 


H 


H 


H 


2 


4 


4.47 


4.47 


H 


H 


L 


H 


L 


L 


H 


H 


H 


L 


L 


H 


H 


3 


2 


3.59 


3.61 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


3 


7 


7.47 


7.62 



HYPOTENUSE OF A RIGHT 
TRIANGLE LOOK-UP TABLE 

PLE5P8 
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DESCRIPTION 



THE GENERATION OF COMPLEX ARITHMETIC FUNCTIONS SUCH AS THE PATHAGORAS THBOR01 
IS USUALLY VERY DIFFICULT TO IMPLEMENT DIRECTLY IN HARDWARE. HOWEVER, 
IMPLEMENTING THE FUNCTION AS A LOOK-UP TABLE USING A PLE GREATLY SIMPLIFIES 
THE PROBLEM. 

THIS EXAMPLE ILLUSTRATES HOW TO IMPLEMENT A LOOK-UP TABLE IN A PLE5P8 WHICH 
CALCULATES THE LENGTH OF THE HYPOTENUSE OF A RIGHT TRIANGLE AS A FUNCTION OF 
THE LENGTH OF THE TWO REMAINING SIDES OF THE TRIANGLE. THE THEOR0< OF 
PATHAGORAS STATES THAT THE LENGTH OF THE HYPOTENUSE OF A RIGHT TRIANGLE IS 
EQUAL TO THE SQUARE ROOT OF THE SUM OF THE SQUARE OF THE OTHER TWO SIDES OR 
C = SQRT(A**2 + B**2). THE INPUTS, "A" AND "B" , CORRESPOND TO THE SIDES 
ADJACENT TO THE RIGHT ANGLE (I.E. 90 DEGREE ANGLE), WHILE THE OUTPUT, "C" , 
CORRESPONDS TO THE SIDE OPPOSITE TO THE RIGHT ANGLE WHICH IS CALLED THE 
HYPOTENUSE. 

C = SQRT(A**2 + B**2) WHERE C = LENGTH OF SIDE C (THE HYPOTENUSE) 

A = LENGTH OF SIDE A 
B = LENGTH OF SIDE B 

EXAMPLE; FOR A = 2 AND B = 4, C = SQRT(2**2 + 4**2) = 4.47 




C 
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PLE5P8 PLE design SPECIFICATION 

P5025 PETER WITTFOTH 06/02/84 

PERIMETER OP A CIRCLE LOOK-UP TABLE 

HMI GMBH MUNICH 

.ADD RO R1 R2 R3 R4 

•DAT PO PI P2 P3 P4 P5 P6 P7 



j COMPUTE DIGIT FOR 2EXP0 (1) (LSB) 



PO = Al* R2*A3*A4 
+ /R0*A1* R2* A4 
+ Rl* R2* R4 

+ RX*A2*A3 
+ R0*A1*A2* R3 
+ AO* R1*A2 
+ R1*A2* A4 

+ A1*A2* R4 

PI = RO* A2*A3 
+ AO* Rl* R2*A3 
+ AO* A2* R3 
+ RO* R2* R3 
+ AO* R2*A3* R4 
+ R0*A1* R2* A4 
+ Al* R2* R3*A4 
+ RO* Rl* R3* R4 

P2 = R0*A1* A3*A4 

+ RO* R1*A2*A3* R4 
+ AO* Rl* R2* R3* R4 
+ AO* R1*A2* A4 
+ Rl* R2*A3*A4 
+ RO* Rl* R3*A4 
+ A0*A1*A2* R4 
+ Al* R2*A3* R4 
+ R0*A1* R3* R4 

P3 = AO* R1*A2* A4 
+ R0*A1*A2* R3 
+ R0*A1*A2* R4 
+ RO* /R2* R3* R4 
+ RO* R2*A3*A4 
+ AO* R2* R3*A4 
+ Rl* R2* R3*A4 

+ /RO* R2*A3* R4 
+ Rl* R2*A3* R4 

+ /RO* Rl* R2* R4 
+ A0*A1* R2*A3 

P4 - RO* R1*A2*A3 
+ R1*A2*A3* R4 

+ A0*A1* R2*A3 
+ R0*A1* R2* /R4 

+ A1*A2* R3 

+ /RO* Rl* R3*A4 
+ Rl* R2* R3*A4 
+ Al* R3* R4 
+ AO* R2* R3* R4 



; COMPUTE DIGIT FOR 2EXP1 (2) 



; COMPUTE DIGIT FOR 2EXP2 (4) 



; COMPUTE DIGIT FOR 2EXP3 (8) 



; COMPUTE DIGIT FOR 2EXP4 (16) 
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PERIMETER OF A CIRCLE LOOK-UP TABLE (cont'd) 

DESCRIPTION 

THIS EXAMPLE ILLUSTRATES HOW TO IMPLEMENT A LOOK-UP TABLE IN A PLE5P8 FOR THE 
PERIMETER OF A CIRCLE AS A FUNCTION OF TOE RADIUS. THE INPUT PINS (R4-R0) , 
WHICH REPRESENT TOE RADIUS OF A CIRCLE, ARE MULTIPLIED BY 2 TIMES PI IN ORDER 
TO CALCULATE THE PERIMETER OF A CIRCLE (P7-P0) . THIS LOOK-UP TABLE IS VALID 
FOR RADII BETWEEN 0 AND 31. A PLE8P8 SHOULD BE USED INSTEAD IF A LARGER 
RADIUS RANGE (BETWEEN 0 AND 81) IS REQUIRED. 

P = 2*PI*R WHERE P = PERIMETER OP THE CIRCLE 
PI = 3.1415 

R = RADIUS OF THE CIRCLE (BETWEEN 0 AND 31) 

EXAMPLE: FOR R = 3, P = 2*PI*3 = 19 





RADIUS 
OF THE 
CIRCLE 



PERIMCTER 
OF A CIRCLE 
LOOK-UP TABLE 






PERIMETER 
OF THE 
CIRCLE 
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JSAni(-Aj!iftluiaLfkftiS^Jl ... 

MMI GMBH MUNICH 

.ADD LO LI L2 L3 L4 

.DAT TO T1 T2 T3 T4 T5 T6 T7 



TO = /L4* /L2*/L1* LO ; COMPUTE DIGIT FOR 2EXP-5 (0.03125) (LSB) 

+ /L3*/L2* L1*/L0 

+ L3*/L2* LO 

+ /L4* L2*/L1*/L0 

+ L4* L3* LO 

+ L4*/L3* LI 

+ L4*/L3* L2* /LO 



T1 = /L2* L1*/L0 

+ /L4*/L3* L2* LO 
+ /L4* L3*/L2* LI 
+ /L4* L2*/L1*/L0 

+ L4*/L3*/L2* LI 

+ /L3* L2*/L1 

+ L4* L3* /LI* LO 

+ L4* L3* L1*/L0 

T2 = /L4*/L3* L1*/L0 

+ /U* L3*/L2* LO 
+ L4*/L3*/L2*/L1*/L0 

+ L4*/L3* LI* LO 

+ L4* L3*/L2* L1*/L0 

+ L4* L3* L2*/L1 

+ L4* L2* LO 

+ /L4*/L3* /LI* LO 

+ /M*/L3* L2* /LO 



T3 = /L4* L3* LI* LO 

+ L4*/L3* LI 

+ L4* L3* L2*/L1 

+ /L3*/L2*/L1* LO 

+ /L3* L2* LI* LO 

+ L3*/L2* LI* LO 

+ L3* L2*/L1* LO 

+ /L4* L2*/H* LO 



T4 = /L4*/L3* L1*/L0 

+ /L3* L2* LI 

+ /L4* L3* L2*/L1 
+ L4*/L3* L2 

+ L4* L2* LI 

+ L2* L1*/L0 



; COMPUTE DIGIT FOR 2EXP-4 (0.0625) 



; COMPUTE DIGIT FOR 2EXP-3 (0.125) 



; COMPUTE DIGIT FOR 2EXP-2 (0.25) 



; COMPUTE DIGIT FOR 2EXP-1 (0.5) 
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PERIOD OF OSCILLATION FOR A PENDULUM LOOK-UP TABLE (cont’d) 

T5 = /L4* /L2* /LO ; COMPUTE DIGIT FOR 2EXP0 (1) 

+ /M* /L2VU- 

+ L3* /LO 

+ L3*/L2 

+ L3* /LI 

+ L4* L3 



T6 = /L4* /L2* LI* LO ; COMPOTE DIGIT FOR 2EXP1 (2) 

+ /lA* L3* /LO 

+ /L4*/L3* L2 
+ /L4*/L3* /LI 

T7 = L3* L2* LI* LO ; COMPOTE DIGIT FOR 2EXP2 (4) (MSB) 

+ L4 



FUNCTION TABLE 

; —AMPLITUDE— — PERIOD OF OSCILLATION— 

; INTEGER INTEGER FRACTION PERIOD OF OSCILLATION 



L4 


L3 


L2 


LI 


LO 


T7 


T6 


T5 


T4 


T3 


T2 


T1 


TO 


; AMPLITUDE 


LOOK-UP 


CALCULATED 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


1 


2.0000 


2.0050 


L 


L 


L 


L 


H 


L 


L 


H 


L 


H 


H 


L 


H 


2 


2.8125 


2.8356 


L 


L 


L 


H 


L 


L 


L 


H 


H 


L 


H 


H 


H 


3 


3.4375 


3.4728 


L 


L 


H 


L 


L 


L 


H 


L 


L 


L 


H 


H 


H 


5 


4.4375 


4.4834 


L 


H 


L 


L 


L 


L 


H 


H 


L 


L 


L 


L 


L 


9 


6.0000 


6.0151 


H 


L 


L 


L 


L 


H 


L 


L 


L 


L 


H 


L 


L 


17 


8.2500 


8.2670 


H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


H 


L 


H 


32 


11.3125 


11.3423 



PERIOD OF OSCILLATION 
FOR A MATHEMATICAL PENDULUM 
LOOK-UP TABLE 

PLE5P8 

L8 
L7 
L6 
L5 
L4 
L3 
L2 
GND 




1 
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PERIOD OF OSCILLATION FOR A PENDULUM LOOK-UP TABLE (cont’d) 

DESCRIPTION 

THIS PLE5P8 IS USED TO IMPLEMENT A LOOK-UP TABLE FOR THE PERIOD OF OSCILLATION 
OF A MATHEMATICAL PENDULUM. THE PERIOD OP OSCILLATION FOR MATHEMATICAL 
PENDULUM (T) IS DEPENDENT UPON ITS AMPLITUDE OF SWING (L) AND THE ACCELERATION 
DUE TO GRAVITY (G) . THE PERIOD OP OSCILLATION IS CALCULATED USING THE 
FOLLOWING EQUATION: 

T = 2*PI*SQRT(L/G) WHERE T = PERIOD OF OSCILLATION IN SECONDS 

PI = 3.14 

L = AMPLITUDE OF SWING IN METERS 
G = ACCELERATION DUE TO GRAVITY IN M/S/S 
(9.81 M/S/S) 

EXAMPLE: FOR L = 5, T = 2*PI*SQRT(5/G) = 4.4375 

A PLE WITH 5 INPUTS CAN BE USED TO CALCULATE THE PERIOD OF OSCILLATION 
FOR AMPLITUDES UP TO L = 32 METERS. PLES WITH MORE INPUTS SHOULD BE USED TO 
CALCULATE LARGER PERIODS OF OSCILLATION. 

THIS EXAMPLE DEMONSTRATES HOW EASY IT IS TO CONSTRUCT LOOK-UP TABLES FOR 
COMPLEX ARITHMETIC FUNCTIONS USING PLES. 
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PLE12P8 PLE DESIGN SPBCIPICATON 

P5017 FRANK LEE 10/14/83 

ARITHMETIC LOGIC DNIT 

MHI SANTA CLARA, CALIFORNIA 

.ADD A3 A2 A1 AO B3 B2 B1 BO CIN 12 II 10 

.DAT C3 C2 Cl CO Z V C 



j ************************************************ 

;* THIS DESIGN IS NOT YET SUPPORTH) BY PLEASM * 

. ************************** ****fk***************** 

, 

C,C3,C2,C1,C0 » /S2*/S1* S0*/A3,/A2,/A1,/A0 

.+. B3, B2, Bl, B0.+. CIN 
+ /S2* SIVSO* A3, A2, Al, AO 

.+./B3,/B2,/Bl,/B0.+. CIN 
+ /S2* SI* SO* A3, A2, Al, AO 

.+. B3, B2, Bl, B0.+. CIN 
+ S2*/S1*/S0*/A3,/A2,/A1,/A0 

;*; B3, B2, Bl, BO 
+ S2*/S1* SO* A3, A2, Al, AO 

+ S2*/S1* SO* B3, B2, Bl, BO 

+ S2* S1*/S0* A3, A2, Al, AO 

* B3, B2, Bl, BO 
+ S2* SI* SO 



}B - A - 1 + CIN 
;A - B - 1 + CIN 
;A + B + CIN 
;A XOR B 
;A + B 
;A * B 
; PRESET 



V 



C:+: C3 



; OVERFLOW 



Z 



- /C3*/C2*/C1*/C0 



;ZERO 



DESCRIPTION 



THIS ALD CAN PERFORM 8 FUNCTIONS ON TWO 4-BIT OPERANDS A (A3-A0) AND 
B (B3-B0) WITH CARRYIN (CIN) AND GIVES A 4-BIT RESULT C (C3-C0) WITH 
CARRYOUT (C). IT WILL ALSO GIVE STATUS AS OVERFLOW (V) AND ZERO (Z) . 

THE FUNCTION IS DETERMINED BY A. 3-BIT FUNCTION SELECT CODE (S2-S0) : 



MODE 


S2 


SI 


so 


FUNCTION 




0 


0 


0 


0 


CLEAR 






1 


0 


0 


1 


B - A - 


1 + 


CIN 


2 


0 


1 


0 


A - B - 


1 + 


CIN 


3 


0 


1 


1 


A + B + 


CIN 




4 


1 


0 


0 


A XOR B 






5 


1 


0 


1 


A + B 






6 


1 


1 


0 


A * B 






7 


1 


1 


1 


PRESET 









ARITHMETIC LOGIC UNIT 
PLE12P8 
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Wallace Tree Compression 

In performing arithmetic calculations, it may happen that more 
than two numbersare to beadded together. Adding two numbers 
can be achieved by using a simple adder. If there are more than two 
numbers to be summed, several levels of adders may be needed. 
This often causes too much delay. 

An alternative is to use Wallace Tree Compression. Suppose there 
are m numbers each of n-bit wide. Summation over these numbers 
will range from 0 to m x (2^-1) which will take log 2 [m (2'^-1 ) + 1 ] 
bits (rounded UP to the nearest integer). For example, it there 
are five 2-bit numbers, i.e., m = 5, and n = 2, the sum will be 
bounded by 5 x (2^-1) = 15 which will need a total of 4 bits. 
One Wallace Tree Compression by itself will not be very useful. 
But consider if five 8-bit integers are added together. This tech- 
nique enables vertical compression of these numbers in four 
groups. This typ>e of vertical compression also eliminates the 
need of carry propagation. The five numbers are represented by: 

A = (a7, a6, a5, a4, a3, a2, a1, aO) 

B = (b7, b6, b5, b4, b3, b2, b1 , bO) 

C = (c7. c6, c5, c4, c3, c2, cl, cO) 

D = (d7, d6, d5, d4, d3, d2, d1, dO) 

E = (e7, e6, e5, e4, e3, e2, el, eO) 

where the 7*^ bits are the most significant, the calculation is as 
follows: 




The groups are assigned as follows: 

G1 : (a0,a1,b0,b1,c0,c1,d0,d1,e0,e1) 
G2 : (a2, a3. b2, b3, c2, c3, d2, d3, e2, e3) 
G3 : (a4, a5, b4, b5, c4, c5, d4, d5, e4, e5) 
G4 : (a6, a7, b6, b7, c6, c7. d6, d7, e6, e7) 



The above groups of bits can be compressed to: 
HI : (hl3,hl2, h1i,h1o) 

H2 : (h23, h22, h2-|, h2o) 

H3 : (h33, h32, h3i, h3o) 

H4 : (h43, h42,h4^,h4o) 



TWX: 910-338-2376 

2175 Mission College Boulevard, Santa Clara, CA 95054 Tel: (408) 970-9700 TWX: 910-338-2374 
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Since Wallace Tree Compression can be of any configuration, 
there is no predefined part available. PLE provides an excellent 
solution. The designer may define his own configuration as long 
as it can be put in a commercially available PLE. 
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SEVEN 1-BIT INTEGER ROW PARTIAl" PBODOCTS" ADOm 
MMI SANTA CLARA, CALIFORNIA 
.ADD A B C D E F G 
.DAT PO PI P2 



P2,P1,P0 = A .+. B .+. C .+. D .+. E .+. F .+. G ; P = A+B4C+D+E+F+G 



FUNCTION TABLE 
ABCDEFGP2P1P0 

; PPP COMMENTS 



;A 


B 


C 


D 


E 


P 


G 


210 


A 


+ 


B 


+ 


c 


+ 


D 


+ 


E 


+ 


F 


+ 


G 


sx 


p 


L 


L 


L 


L 


L 


L 


L 


LLL 


0 


+ 


0 


+ 


0 


+ 


0 


+ 


0 


+ 


0 


+ 


0 


s 


0 


L 


H 


L 


H 


L 


H 


L 




0 


+ 


1 


+ 


0 


+ 


1 


+ 


0 


+ 


1 


+ 


0 


= 


3 


H 


L 




L 




L 


H 


HLL 


1 


+ 


0 


+ 


1 


+ 


0 


+ 


1 


+ 


0 


+ 


1 


s 


4 


H 


H 




H 




H 


H 


HHH 


1 


+ 


1 


+ 


1 


+ 


1 


+ 


1 


+ 


1 


+ 


1 


= 


7 



DESCRIPTION 

THIS PLE8P4 PERFORMS PARTIAL PRODUCTS REDUCTION FOR WALLACE TREE 
COMPRESSION. SEVEN ROWS OP 1-BIT NUMBERS (A, B, C, D, E, F, AND G) 
ARE NUMERICALLY SUMMED TO PRODUCE A 3-BIT RESULT (P2-P0) . 




P2 PI PO 



3.BIT 

RESULT 



SEVEN 

1.BIT 

INTEGERS 



SEVEN 1-BIT INTEGER ROW 
PARTIAL PRODUCTS ADDER 



PLE8P4 
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Wallace Tree Compression 



PLE10P4 PLE DESIGN SPECIFICATION 

P5020 VINCENT COLI 08/22/83 

FIVE 2-BIT INTEGER ROW PARTIAL PRODUCTS ADDER 

MHI SANTA CLARA, CALIFORNIA 

.ADD AO A1 BO B1 CO Cl DO D1 EO El 

.DAT PO PI P2 P3 



P3,P2,P1,P0 = A1,A0 .+. B1,B0 .+. Cl, CO .+. D1,D0 .+. E1,E0 ; P = A+B+C+D+E 



FUNCTION TABLE 



A1 AO 


B1 


BO Cl 


CO D1 


DO El 


EO P3 


P2 PI PO 














;AA 


BB 


CC 


DD 


EE 


PPPP 


COMMENTS 














;lo 


10 


10 


10 


10 


3210 


A -I- B + C 


+ 


D 


+ 


E 


as 


p 


LL 


LL 


LL 


LL 


LL 


LLLL 


0+0+0 


+ 


0 


+ 


0 


= 


0 


LH 


LH 


LH 


LH 


LH 


LHLH 


1+1 + 1 


+ 


1 


+ 


1 


= 


5 


HL 


HL 


HL 


HL 


HL 


HLHL 


2 + 2+2 


+ 


2 


+ 


2 


s 


10 


HH 


HH 


HH 


HH 


HH 


HHHH 


3 + 3 + 3 


+ 


3 


+ 


3 


= 


15 




DESCRIPTION 

THIS PLE10P4 PERFORMS PARTIAL PRODUCTS REDUCTION FOR WALLACE TREE 
COMPRESSION. FIVE ROWS OF 2-BIT NUMBERS (Al-AO, Bl-BO, Cl-CO, 
Dl-DO, AND El-EO) ARE NUMERICALLY SUMMED TO PRODUCE A 4-BIT RESULT 
(P3-P0) . 



A1 AO 
B1 BO 
Cl CO • 
D1 DO 

+ El EO , 



FIVE 

2-BIT 

INTEGERS 



P3 P2 PI PO 



FIVE 2-BIT INTEGER ROW 
PARTIAL PRODUCTS ADDER 



PLE10P4 
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Wallace Tree Compression 



PLE 12 P 8 PLE DESIGN SPECIFICATION 

P 5021 viNcorr coli 02/10/83 



POOR 3-BIT INTEGER ROW PARTIAL PRODUCTS ADDER 
MMI SANTA CLARA, CALIFORNIA 
.ADD AO A1 A2 BO B1 B2 CO Cl C2 DO D1 D2 
.DAT PO PI P2 P3 P4 



P4,P3,P2,P1,P0 = A2,A1,A0 .+. B2,B1,B0 .+. C2,C1,C0 .+. D2,D1,D0 ; P = A+B+C+D 



FUNCTION TABLE 

A2 A1 AO B2 B1 BO C2 Cl CO D2 D1 DO P4 P3 P2 PI PO 



;AAA 


BBB 


CCC 


DDD 


PPPPP 


COMMENTS 










;210 


210 


210 


210 


43210 


A 


+ 


B 


+ 


C 


+ 


D 




p 


LLL 


LLL 


LLL 


LLL 


LLLLL 


0 


+ 


0 


+ 


0 


+ 


0 


«S 


0 


LLH 


LLH 


LLH 


LLH 


LLHLL 


1 


+ 


1 


+ 


1 


+ 


1 


= 


4 


LHL 


LHL 


LHL 


LHL 


LHLLL 


2 


+ 


2 


+ 


2 


+ 


2 


= 


8 


LHH 


LHH 


LHH 


LHH 


IiHHLL 


3 


+ 


3 


+ 


3 


+ 


3 


* 


12 


HLL 


HLL 


HLL 


HLL 


HLLLL 


4 


+ 


4 


+ 


4 


+ 


4 


s 


16 


HHH 


HHH 


HHH 


HHH 


HHHLL 


7 


+ 


7 


+ 


7 


+ 


7 


s 


28 



DESCRIPTION 



THIS PLE12P8 PERFORMS PARTIAL PRODUCTS REDUCTION FOR WALLACE TREE 
COMPRESSION. FOUR ROWS OF 3-BIT NUMBERS (A2-A0, B2-B0, C2-C0, AND 
D2-D0) ARE NUMERICALLY SUMMED TO PRODUCE A 5-BIT RESULT (P4-P0) . 



+ 



A2 A1 AO 
B2 B1 BO 
C2 Cl CO 
D2 D1 DO 



FOUR 

3.arr 

INTEGERS 



P4 P3 P2 PI PO 



54IT 

RESULT 



FOUR 3-BIT INTEGER ROW 
PARTIAL PRODUCTS ADDER 



PLE12P8 
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Wallace Tree Compression 



PLE12P8 PLE DESIGN SPECIFICATION 

P5022 VINCENT COLI 08/10/83 

THREE 4-BIT INTEGER ROW PARTIAL PRODUCTS ADDER 

MMI SANTA CLARA, CALIFORNIA 

.ADD AO A1 A2 A3 BO B1 B2 B3 CO Cl C2 C3 

.DAT PO PI P2 P3 P4 P5 



P5,P4,P3,P2,P1,P0 = A3,A2,A1,A0 .+. B3,B2,B1,B0 .+. C3,C2,C1,C0 ; P = A+B+C 



FUNCTION TABLE 



A3 A2 A] 


L AO B3 


B2 B1 


BO C3 C2 


Cl CO 


P5 


P4 


P3 


P2 


PI PO 


;AAAA 


BBBB 


CCCC 


PPPPPP 


COMMENTS 








;3210 


3210 


3210 


543210 


A 


+ 


B 


+ 


C 


= P 


LLLL 


LLLL 


LLLL 


LLLLLL 


0 


+ 


0 


+ 


0 


= 0 


LLLH 


LLLH 


LLLH 


LLLLHH 


1 


+ 


1 


+ 


1 


= 3 


LLHL 


LLHL 


LLHL 


LLLHHL 


2 


+ 


2 


+ 


2 


= 6 


r,HT,r, 


LHLL 


LHLL 


LLHHLL 


4 


+ 


4 


+ 


4 


= 12 


HLLL 


HLLL 


HLLL 


LHHTiLL 


8 


+ 


8 


+ 


8 


= 24 


HHHH 


HHHH 


HHHH 


HLHHLH 


15 


+ 


15 


+ 


15 


= 45 



DESCRIPTION 



THIS PLE12P8 PERFORMS PARTIAL PRODUCTS REDUCTION FOR WALLACE TREE 
COMPRESSION. THREE ROWS OF 4-BIT NUMBERS (A3-A0, B3-B0, AND C3-C0) 
ARE NUMERICALLY SUMMED TO PRODUCE A 6-BIT RESULT (P5-P0) . 



+ 



A3 A2 A1 AO 
B3 B2 B1 BO 
C3 C2 Cl CO 



I THREE 
> 4-BIT 
i INTEGERS 



P5 P4 P3 P2 PI PO 

6-BIT 

RESULT 



THREE 4-BIT INTEGER ROW 
PARTIAL PRODUCTS ADDER 

PLE12P8 
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Residue Arithmetic Using PLEs 

Conventional binary arithmetic can be replaced byanotherkind 
of computational methodology known as the Residue Number 
System. The use of this system allows integer arithmetic to be 
performed by arrays of PLEs. The idea of PLEs as arithmetic 
elements is simply to store pre-computed values of the arithmetic 
operation in the PLE memory cells, and to use the input variables 
to the arithmetic as addresses to the PLE. Since we are pre- 
computing the results of the arithmetic operations, the same PLE 
may be used for many different functions. As an example, a 
256 X 8-bit PLE can be used as a 4 x 4-bit binary multiplier, or a 
4 + 4-bit binary adder with the output multiplied by any 3-bit 
constant. It is this flexibility which holds so much appeal for the 
use of PLEs as computational elements. 



Introduction 

Arithmetic operations often involve carry propagation. This prop- 
agation causes too much delay for high-speed arithmetic. The 
Residue Number System (RNS) provides the required separa- 
tion property needed for high-speed arithmetic. Each digit of the 
RNS representation is coded into a certain number of bits. In per- 
forming the basic operations of addition, subtraction, and multi- 
plication, no information is required to be passed between the 
digits. Therefore, the number of bits required for representing 
each digit can be partitioned so that commercially available PLEs 
can be used to implement the arithmetic. 



Basics of the Residue Number System 

In this section, the elements of performing arithmetic using the 
RNS are introduced. The mechanism of coding numbers, the 
method of performing arithmetic using the RNS, and finally 
conversion between binary and RNS are presented. 



Coding of Residue Numbers 

In principle, the coding of Residue Numbers is extremely simple. 
A residue digit is the remainder when the number to be coded is 
divided by another number (a modulus). As an example, the 
residue of 15 divided by a modulus 7 which yields 1 as the 
remainder can be represented by I 15 I 7 = 1. 

If operations are performed on an RNS where only one modulus 
is used, it wi 1 1 not be advantageous against a simple binary scheme 
at all since no information is encoded. Only the encoding of the 
binary numbers will provide the separation property which will 
speed up the arithmetic operation. The advantage of the RNS 
accrues when more digits are used. 



Another example of encoding a number using 3 moduli to give a 
3-digit RNSrepresentationisasfollows:letthemodulibem1 = 3, 
m2= 4,m3= 5. The residues of X = 25willbeshownasxi where 
i = 1, 2, 3. Thus, 

X1 = |25| mi = |25|3=1 
X2=|25| m2 = |25|4=1 
X3=|25| m3=l25|5=0 

In the RNS using the moduli 3, 4, 5, the number 25 is represented 
as (1, 1,0). 

The number of unique representations for a set of moduli is the 
Least Common Mulitple (LCM) of the moduli. The most efficient 
set of moduli is one in which all moduli are pairwise relatively 
prime. 

Tables 1 illustrates an example of a set of moduli (3, 4) which can 
represent 12 integers. Note that the representations of 0 and 12 are 
the same, since ^e representation repeats itself after 12 integers. 



X 


(3) 

Xl 


(4) 

x2 


0 


0 


0 


1 


1 


1 


2 


2 


2 


3 


0 


3 


4 


1 


0 


5 


2 


1 


6 


0 


2 


7 


1 


3 


8 


2 


0 


9 


0 


1 


10 


1 


2 


11 


2 


3 


12 


0 


0 



Table 1. Representation of 0 to 12 In RNS using Moduli 3 and 4. 
The rep re s en t a tion repeats Itself after 12 Integers 



In table 2, (4, 6) is the set of moduli uses. Since 4 and 6 are not 
relatively prime, the number of integers that can be represented is 
not the product of 4 and 6, but instead is the LCM of 4 and 6 which 
is 12. The representation again repeats itself once every 12 
integers. 
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Residue Arithmetic Using PLE Circuits 



n 


(3) 

Xl 


(4) 

x2 


0 


0 


0 


1 


1 


1 


2 


2 


2 


3 




3 


4 


0 


4 


5 


1 


5 


6 


2 


0 


7 


3 


1 


8 


0 


2 


9 


1 


3 


10 


2 


4 


11 


3 


5 


12 


0 


0 


13 


1 


1 


14 


2 


2 


15 


3 


3 


16 


0 


4 


17 


1 


5 


18 


2 


0 


19 


3 


1 


20 


0 


2 


21 


1 


3 


22 


2 


4 


23 


3 


5 


24 


0 


0 



Table 2. Repraaentatlon of 0 x 24 lor Moduli 4 and 6. Since 4 
and 6 are not relatively prime, and their LCM Is only 
12, the representation again repeats Itself every 
12 Integers 



Negative numbers are formed in the same way negative numbers 
are formed in binary (two’s complement) system. To form the 
two's complement of a number in binary, we subtract the 
number 2® where B is the number of bits of the representation. 
In RNS, we subtract the RNS number from mi to form the 
negative. Table 1 can be rewritten as in table 3 for encoding of 
negative numbers. 



D 


(3) 

xl 


(4) 

x2 


0 


0 


0 


1 


1 


1 


2 


2 


2 


3 


0 


3 


4 


1 


0 


5 


2 


1 


-6 


0 


2 


-5 


1 


3 


-4 


2 


0 


-3 


0 


1 


-2 


1 


2 


-1 


2 


3 



Table 3. Representation of -6 to 5 In RNS using Moduli 3 and 4 

Arithmetic Using the RNS 

For two RNS n umbers, X and Y, the result of the addition of the two 
numbers, Z, in RNS is given by: 

|xi + yiifni = zi for all of the RNS digits. 

The same result isfound for subtraction and multiplication. This 
means that arithmetic can be carried out between the same digits 
of the two numbers, Xand Y, without interaction between adjacent 
digits. The arithmetic is therefore “carry-free". As an example, let 
us consider the following computation; 

Z = (863 X 3942) + (-862 x 3942) = 3942 
We only need sufficient dynamic range to represent the result; 
intermediate overflows can be ignored. Let us choose the 
following moduli for the RNS representation: 
ml = 7, m2= 9, m3= 11, m4= 13 
M= 9009 

The above set can represent numbers in the range -4505 to 4504, 
and so this number range is sufficient for the calculation of this 
example. The computation is shown in table 4. 



X 


(7) 

xl 


(9) 

x2 


(11) 

x3 


(13) 

x4 




3942 


1 


0 


4 


3 




863 


2 


8 


5 


5 




862 


1 


7 


4 


4 




-862 


6 


2 


7 


9 




863 X 3942 


2 


0 


9 


2 




-862 X 3942 


6 


0 


6 


1 




Z 


1 


0 


4 


3 


= 3942 



Table 4. Calculating Z = 863 x 3942 * (-862 x 3942) - 3942 
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Residue Arithmetic Using PLE Circuits 



Division and Scaling 

Division of residue numbers is more complicated than addition, 
subtraction, or multiplication. Ifthedividend is exactly divisible by 
the divisor, the operation is easier. In this case, a division by a 
number is the same as a multiplication by the inverse of that 
number. The multiplication inverseof an integer X in modulo arith- 
metic can be found byfinding the vector (d1, . . . ,dn) which sat- 
isfies the following: 

|X.di|mi = 1 

For example, 95 divided by 5 in moduli 2, 7 and 9 can be done by 
first finding the vectors representing 95 and the inverse of 5. 

|95|2=1 

|95|7=4 

|95|g=5 

So, for the multiplicative inverse of 5, we have: 

|1/5|2=1 |5x1|2=1 

|1/5|7= 3since|5x3|7= 1 
|1/5|g=2 |5x2|g=1 

Therefore, |95/5|2 = Il95|2 x|1/5|2l2 = |1 x II2 = 1 
|95/5|7 = ||95|7x|1/5|7l7 = |4x3|7=5 
|95/5|g = ||95|gx|1/5|g|g=|5x2|g= 1 
and the answer is 19. 

The operation becomes more complicated when the dividend is 
not exactly divisible by thedivisor or one of the moduli of the multi- 
plicative inverse does not exist, say, if the residue of the divisor for 
that modulus is 0. In this case, we need to obtain the remainder 
and then subtract the remainder from the dividend and then per- 
form the division. The problem in finding the remainder seems to 
be the same as performing the division itself. However, this type 
of division can be done in a process called scaling, which will not 
be discussed in detail in this paper. 

In spite of the improvements made in implementing scaling algo- 
rithms, scaling still represents a major effort in any calculation. It 
is advisable to use RNS only on systems where many arithmetic 
operations can be performed for each scaling operation. 

A System Using an RNS 

An RNS is very useful in systems which has predefined operations 
and dynamic ranges. Moreover, it can only operate on integers, or 
at most, block floating-point numbers. Since the RNS involves 
conversions between integers and their RNS representations, and 
conversions by themselves are already time-consuming, the 
problem to be solved in the RNS system should be operation 
intensive. 




INTEGER INTEGER 

Figure 1. Architecture of an RNS 

Conversion to RNS Representation 

The conversion of an integer to RNS can be viewed as a mapping 
process. PLEs are naturally implementation for mapping. For 



example, if an 8-bit integer is used to represent numbers ranging 
from 0 to 255, and the following moduli are arbitrarily chosen for 
conversion to RNS — 2, 11 and 15 (which can represent 330 
integers), 8 bits of address are needed for the integer input and 9 
outputs (1 for modulus 2, 4 for modulus 11 and 4 for modulus 
15). In reality, only 8 outputs are needed because that bit of 
residue for modulus 2 is not required, since the least significant 
bit of the integer is also the residue of itself in modulus 2. In fact, 
a PLE8P8 will be sufficient. 



1 . 


n 


PLE8P8 




-7^' 










_lz_ 




. 



IXI15 

IXI11 

IXlg 



Figure 2. Mapping an 8-bit integer X to its residues on moduii 2, 
11, and 15 

Another example is a 14-bit integer which is to be converted to 
RNS. A 1 4-bit address needs 1 6 Kaddress spaces forthe mapping. 
1 6 K is too deep for a PLE. An alternative is to use 4 K-deep PLEs: 
PLE1 2P4s and PLE1 2P8s and a selector (e.g. a PLE5P8 to control 
the PLEs (see Figure 3). The PLE5P8 will decode two of the 
address bits and will selectively enable one of the four sets of 
PLEs as the mapping set, thus deepening the effective address 
to16K. 




Figure 3. Mapping a 14-blt integer X to its residues by selec- 
tively enabling the outputs of one of the four sets 
of 12-input PLEs 

This method of expansion is not effective with bigger integers. If 
the integer is N-bitand the address space of the PLEs available is 
M-bit, then 2^"^ sets of PLEs will be needed. Besides, as the 
dynamic range increases, the width of the outputs will also 
increase about proportionally. An alternative method is to use 2 
or more levels of PLEs to generate the residues. The first level 
generates the remainders from the more significant bits of the 
integer and the products of some of the moduli. These remaind- 
ers are in turns concatenated with the rest of the bits to become 
the inputs to the second level PLEs. 
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Residue Arithnnetic Using PLE Circuits 



For example, tor a 1 6-bit integer 43689, and iet us use (2, 1 1 , 1 3, 
1 5, 23) as the set of moduli. We may choose 23, 30 and 1 43 as the 
moduli for the first ievel. The first levei consists of PLE1 2P4sand 
PLE1 2P8s which generate the remainders of the most significant 
12 bits of 43689 which is 2730. We knowthat|2730|23 will beat 
most 22 and can therefore be represented by a 5-bit number: 
|2730 |i 5 will be at most 14 and can be represented by another 
4-bit number; and |2730|,|43 wiil be at most 142 and can be 
represented by a 6-bit number. The 5-bit number represented by 
|2730|23 will be concatenated with the least significant 4 bits of 
the integer and gives a 9-bit number which can perform another 
division by 23 to give the final |43689|23; the 4-bit number 
represented by |2730|,|5 will be concatenated with the ieast 
significant 4 bits of the integer and gives an 8-bit number which 
can perform another division by 1 5 to give the final 1 43689| 1 5; the 
6-bit number represented by |2730|,)43 wiil be concatenated 
with the least siginificant 4 bits of the integer and gives a 10-bit 
number which can perform another division by 1 1 and 13 to give 
the final |43689|i,| and |43689|,|3. As in the first example, 
|43689|2 is just the least significant bit of the integer. 




Figure 4. Mappings a 16 bit integer X to residues In modulo 2, 
11, 13, 15, and 23 using two-level mapping. The first 
level gives remainders from the more significant 12 
bits, while the second level finds the final residues 

In some circumstances, although an N-bit Integer only has a 
dynamic range of 2^, the intermediate calculations may over- 
flow. It is sometimes necessary to add some other moduli to 
boost up the dynamic range for the intermediate calculations. 



Arithmetic Operations In RNS 

The arithmetic operations of the RNS is different from regular 
arithmetic in that even simple addition must be performed in 
modulo arithmetic. Simple ALU may not be able to handle this 
arithmetic. Again, PLEsare proven to be most useful, A PLE8P4 
can perform addition, subtraction, or multiplication on two 4-bit 
residue numbers and give a 4-bit modulo result. 




Figures. CalculatingC = A + B,A - B,B - A,orA x Businga 
PLE 

It the modulus is large, say greater than 64, the combined number 
of bits for two residues will be greater than the number of address 
bits for the largest of the commercially available PLEs. Of course, 
more than one PLEs can be used to depthen the effective address 
space. In this case, for every additional bit of a modulus, two more 
bits of address will be needed — one for each operand. In other 
words, for each additional bit of a modulus, the address space of 
operation will be quadrupled. It is not very effective when the 
modulus grows too large. Fortunately, for both addition and multi- 
plication, there are more efficient procedures. 

Large Modulus Addition 

Table 5 shows the contents required for the addition operations in 
modulus 1 1 . There is a lot of redunduncy in the table which can be 
compressed by reducing what should be 8-bits of inputs to 5-bits. 
What we need is just another level of mapping. There are a total of 
1 21 combinations for a number of modulus 1 1 operate on another 
operand ofthe same modulus. In real, only numbers ranging from 
0 to lOcan be represented in modulus 1 1 , The sum ranges from 0 
to 20 (not in modulus 11). This range can be represented by a new 
set of submoduli (3, 7) which is 5-bits wide. In fact, any new set of 
submoduli which has a dynamic range of at least 21 can be used. 
The operands in modulus 1 1 will be converted to their represent- 
ations in submoduli 3 and 7. The addition is done in the sub- 
moduli and the result is reconverted back to modulus 1 1 RNS (see 
Table 6). 



X11 




Table 5. Addition table In modulo 11 arithmetic 












Figures. CafcufatingadditjonottwonumbersinmoduloH using submoduli operations 



Large Modulus Multiplication 

The solution to this problem in multiplication issimilar. For exam- 
ple, if two RNS digits in modulus 91 is to be multiplied, (7, 1 3) may 
be chosen as a set of submoduli. The representation of an RNS 
digit in modulus 91 needs 7-bits. These 7-bits are first mapped to 
two RNS digits — in modulo 7 which needs 3-bits; and in modulo 
13which needs4-bits. The representations of the two operands in 
the two moduli can then be multi plied and give the result in modulo 
7 and modulo 1 3. The result is then converted back to modulo 91 . 
Unfortunately, this scheme can be used only when the modulus 
can be expressed as a product to two integers which are relatively 
prime. But, in this case, the RNS digit may simply be represented 
as the residue of the two smaller integers instead of using them as 
submoduli. 




Figure 7. Calculating multiplication of two numbers in modulo 
91 using submoduli operations 



Suppose another modulus 101 is used. 101 is a prime number 
and RNS in modulus 101 ranges from 0 to 100. The real dynamic 
range of the product of two numbers in modulus 101 is 0 to 
10000, which is already too large for an address space for a RLE. 
For this modulus, we may use three 4 K-deep PLEs to deepen 
the address space. For a modulus like 1001, it may not be too 
efficient to use this scheme. Instead, since: 
xy= [(x + y)2-(x-y)2]/4 
or = [X + y)2] / 4 - [(X - y)2] / 4 
wemaydox + yandx - yfirstandthendothesquaringofthesum 
and the difference scaled by a factor of 4. Since the final product 
of two integers must be an integer, the squaring and scaling may 
be performed in one operation with the fractional part discarded. 
The way to obtain x + y and x - y is the same as what was dis- 
cussed earlier in the "Large Modulo Addition” session. 

In any event, operations on residues of large moduli are slower 
and involve more hardware and are not recommended. 




Figure 8. Performing modulo 1001 multiplication 



The Reverse Conversion 

The reverse mapping from RNS to integer is not as straight- 
forward as the other way. For an RNS system which has a total of 
12 bits for all the residues, we can still use 12-input PLEs to 
convert. We may also use several sets of 1 2-input PLEs to reverse 
map the RNS if the integer is not much longer. But for very long 
integers, we may need to use the general algorithm for the 
reverse map: 

1. Find M = ml xm2x . . . xmn_.| (where n is the number 
of moduli) 

2. Find ti = M/mi 

3. Find X = |x1t1 + x2t2 + . . . + xn-1tn-1|M 

In hardware implementation, ti’s are all known beforehand. We 
can map xi's to get the xiti's. Then we may perform Wallace T ree 
Compression (seethe session on this subject in this handbook for 
more information) on the xiti’s to give two-level operands which 
add to the final sum and divide it by M to get X. Again, PLEs 
provide the best solution for Wallace Tree Compression. 




Figure 9a. Reverse mapping to get X|t|. 

xxxxxxxxxxxxxxx 

xxxxxxxxxxxxxnx 

wwwwwwwwwwwwwwwwww 

wwwwwwwwwwwwwwww 

Figure 9b. Modulo M Wallace tree compression to reduce the 
number of levels for summation to 2 followed by an 
addition and division to get X = |x-|^ + x,^tp| 




















Residue Arithmetic Using PLE Circuits 



Conciusion 

Memory elements provide excellent solution to mapping func- 
tions — for control purposes, for arithmetic operationsand gen- 
erai iogic replacements. This paper investigates the possibility of 
using PLEs as arithmetic units. In tact, for logic like residue num- 
ber arithmetic, there is no better soiution than to use PLEs. 
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Distributed Arithmetic using PLEs 

In digital signal prcxiessing, sum-of-product type of operations 
are often necessary. These operations take the form of: 

y = X ajXj where aj’s are some constants 
i= 1 

If real multiplicationsare to be performed on every product term, 
it will need a total of M multiplications and M-1 additions. Multi- 
plication operations normally take much longer than simple addi- 
tion. An alternative to calculate equations of the above form is by 
using distributed arithmetic. 

Suppose there is an N-bit integer X given by : 
x= [x(N-1),x(N-2) x(1),x(0)] 

or equivalently: 

N-1 

X = S xG) 21 
j=0 

where x(N-1) is the most significant bit. The equation: 

M 

y= S a|Xi 

i= 0 

can be expressed as: 

M /N-1 \ 

y = S a| 2 X| (j) 2i ) 
i = 1 Vj = 0 / 

N-1 ./ M \ 

= 2 2J/ 2 a|X|G)J 

j = 0 \i=1 / 



Now, let: 

M 

HG)= 2 a|XjG) 
i= 1 

Since H G) is independent of i and sincea.| 's are all constants, we 

precomputetoreveryxG) = [x.) G).X2 0) X|^G)]f^'® values 

of H G). Then x G) can be used as the address of PLEs whose 
outputs are the precomputed result H G). 



If there are M bits of data and the result is L-bit wide, and if M is 
very large, say 20, and L is 8, then we need 20 bits of address 
lines if we want to use only PLE mapping. Since 20 bits of 
address translate to 1 M words, and there is noavailable 1 M-deep 
PLE on the market, it is not realistic to use PLE mapping. Instead, 
H G) can be partitioned as follows: 

20 

H G) = 2 ajXj G) fot M = 20 
i = 1 

10 20 
= 2 ajXj G) + 2 a|X| (j) 
i=1 i=11 

the 20-bit address can be separated to two 1 0-bit addresses and 
each of them is individually mapped. The two outputs will then be 
added together to give H (J). An implementation of this mapping 
is shown in figure 2. 




Rgure 2. Mapping the bit of each of X|’s to an L-bIt result 
when there are too many x's (20 In this case) 

There is another alternative for implementing a sum-of-product 
operation: by using a multiplier accumulator (MAC), 

The main constraint on distributed arithmetic is that one set of 
the multiplicands must be fixed, i.e. ai's in this case, for the 
sum-of-product mapping while a MAC will allow flexibility. 

There are normally some constraints on the width for the data bus 
from which the operands are loaded . If all the operands are new, 
it will need M cycles to load in the operands anyway, distributed 
arithmetic offers no advantages over MAC since distributed 
arithmetic needs to wait for all the operands to be loaded in 
before any operation can start while MAC can perform a 
multiplication and an addition every cycle. M cycles will be 
needed anyway for the complete operation using a MAC while 
distributed arithmetic may take even longer. 



Xi(J) 



~ L-BIT RESULT 



Figure 1. Mapping the bit from each of ttie X|'s to an L-bIt 
leaun 



On the other hand, for operations like convolutions where one 
set of operands are fixed and only one new variable operand is 
needed for every result, distributed arithmetic will be a better 
solution since it can give a result in every clock-cycle while a 
MAC will need M-cycles (because recalculations of all the 
product terms are necessary). An implementation for convolu- 
tion is shown in Figure 3. 
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RESULT 



The implementation of such a system is shown in Figure 3. The 
system consists of a shift register, a mapper (PLEs, or PLEs with 
adders), an accumulator, and an ALU. 




Figure 3. An Implementation of a distributed arithmetic 
system lor convolution 

There is another way to implement distributed arithmetic 
through bit-serialization: 

From H (j), the sum-of-product of y can be obtained as: 
N-1 

y=.2 2iH(i) 

1=0 

To implement this equation, consider that the least significant bit 
of the result is to be used only for rounding purposes only. Only 
the more significant bits will be retained. The computation can be 
performed in the following way: 

1) Forj = 0, 

yo = 20 H (0) = H (0) 

2) Forj = 1 to N-1 

yj = Ha) + 1/2Ha-1) 

Note that the second term of the last equation means that the pre- 
vious result (yj_i) is shifted right one-bit; the last bit of yj_i is 
truncated. 



The operations are as follows: 

1) Load X| onto the load and shift register at clock 0. 

2) Load H (0) onto accumulator and shift all registers at clock 1. 

3) From clock k {between clock 2 to clock N-1 ), the content of the 
accumulator will be replaced by the sum of H (k-1) and the 
more significant N-1 bits of the current accumulator value. 

4) For clock N, the following are performed: 

a) Ftepeat step 3. At the end of the operation , the accumulator 
contains the value of the result (scaled by the number of 
shifts). 

b) Xj 4 - .| is loaded onto the load and shift register. 

The shifting frequency is equal to N times the basic rate. 

Due to the fact that there are a number of shift operations 
necessary for each data load, this method is recommended for 
the following conditions: 

1) This design is under cost, power dissipation, and board 
space constraints. 

2) This design is for high M-to-N ratio-array multiplications. 














Registered PLEs in Pipeiined Arithmetic 

In array processors or other dedicated processors where a lot of 
data are coming in for processing without passing through a 
CPU, it is inefficient to execute an instruction for every one of 
those operations. Instead, the data can come in every clock 
cycle and the result can also be taken out in the same manner. 

A data processing system may have fall-through architecture. 
Since many of these operations may take a long time, it happens 
that the devices are not often tied up in operations. For example, 
in a system as in figure 1 , the operations can be divided into three 
functional blocks. When the operands are loaded in, block 1 will 
operate first, followed by block 2 and then by block 3. When the 
data is in block 2, block 1 1s not doing anything. We cannot at this 
time put in the next set of operands because changes in 
operands may disturb the operation in block 2. 



BLOCK 1 


— I — 

tpd(blk1) 

+ 


BLOCK 2 


I 

tpd(blk 2) 


BLOCK 3 


I 

tpd(blk 3) 



Rgure 1 . An example of the fall-through approach to arithmetic 
operation 

A solution to this is by registering the operands and signal paths 
when the operations is switched to block 2; and by registering 
the operands and signal paths again when the operations is 
carried out in block 3. The result is stated in figure 2. This archi- 
tecture is called the pipelined structure. It makes the loading of 
the second set of operands possible even before the first result 
is out, thus increasing the throughput. 




The introduction of the registers for the pipeline increases the 
operation time of every block due to the addition of the setup times 
and the clock to output delays. The result is as follows: 

1 ) Overall delay. The architecture in Figure 2 will need at least an 
additional 2 setup time and 2 clock to output delays of a regis- 
ter. In real, it willbe more, because theminimum clock period 
will be determined by the sum of (i) the maximum of the opera- 
tion times of individual blocks, and (ii) the setup time of the 
pipelined registers and (lii) the clock to output delay of the 
pipelined registers. Symbolicaliy, the overall delays for the 
architectures in Figures 1 and 2 are: 

tpd (Fig- 1) = tpd (bik 1) + tpd (bik 2) -r tpd (bik 3) 
tpd (Fig. 2) = 2 x{max[tpjj (bik 1), tpc (bik 2), tp^ (bik 3)] 
■^*su'^*clk}'^*pd (bik 3) 

Where tpjj (Fig. 1) and tpjj (Fig. 2) are the propagation delays 
of the architectures in figure 1 and figure 2 respectively; tpj (bik 

1 ) tp(j (bik 2), tp(j (bik 3) are the propagation deiays of block 1 , 
block 2, and block 3 respectively: and tg^ and tj.||^ are the setup 
time and clock-to-output delay of the registers respectively. 

2) Throughputs of clock rate. The architecture in figure 1 has a 
throughput period of (tpjj (bik 1 ) -r tp^j (bik 2) + tpjj (bik 3) * 
tsu + tpii^), assuming that the operands are coming from and 
the result is going to some registers; the architecture in 
Figure 2 has a throughput period of (max[tp(j (bik 1 ), tp^j (bik 
2), tp(j (bik 3)1 + tgy + tgii^) which is faster. 

PLEs are useful as logic elements, and registered PLEs are 
exceilent media for pipelined arithmetic. Monolithic Memories 
suppiies a number of registered PLEs which provide effective 
solutions to pipeiined systems. 

Applications for pipeline arithmetic include array and digital 
signal processing. 



Figure 2. Pipelined arithmetic operation 
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High-Speed Bipolar PROMs Find New 
Applications As Programmable Logic 

Vincent J. Coli and Frank Lee 
\/\Jest Coast Computer Faire 



Classic applications for bipolar PROMs Include instruction 
storage for microprogram control store and software for micro- 
processor programs. However, due to a new design meth- 
odology and state-of-the-art performance, PROMs are finding 
increasing numbers of applications as Programmable Logic 
Elements (or PLEs™). This paper will cover the architecture, 
applications, and software support for PLEs. 

Fuse-Programmable Logic Families 

A typical combinatorial Boolean equation can be written in 
sum-of-product form, which consists of several AND gates 
summed at an OR gate. In general, a set of combinatorial 

Boolean equations with n inputs (10, II In-1 ) and m outputs 

(OO, 01 Om-1) can be generated through one level of 

AND gates followed by one level of OR gates. Custom logic 
functions can be defined using programmable logic. 



AND 


P 


OR 


' ARRAY 


X ^ 


ARRAY 



Figure 1. Structure of Programmable Logic Devices 

Fuse-programmable devices normally consist of two levels of 
logic — AND-array and OR-array — as suggested above. There 
are three basic types of fuse-programmable devices — PROM 
(Programmable Read Only Memory), PLA (Programmable 
Logic Array), and PAL (Programmable Array Logic). Which 
arrays are fuse-programmable distinguish these three types of 
devices. 

PLAs offer the greatest flexibility since both the AND and OR 
arrays are programmabie. This flexibility comes with the cost of 
lower performance, higher power dissipation, and generally 
higher price. 

A PAL device has only the AND-array programmable; the OR- 
array is fixed. Each output has an OR gate associated with it 
which sums a fixed number of product terms (AND combina- 
tions). Statistically there is only a limited number of product terms 
in any equation. So the flexibility of a PLA is normally not 
needed. This is a compromise between flexibility and cost and 
performance. 

The OR-array is programmable in a PROM, but the fixed AND- 
array consists of all combinations of literals for each of the Input 
variables. For example, there are 32 product terms available in a 
PROM with 5 inputs a,b,c,d,e (corresponding to words 0 th rough 
31 in the PROM memory): 

/a*^*/c*/d*/e (Word 0) 

/a*^Vc*/d* e (Word 1) 

/a*/b*/c* d*/e (Word 2) 



a' b* cVd* e 
a* b* c* dVe 
a* b* c* d* e 



(Word 29) 
(Word 30) 
(Word 31) 



where represents the Boolean AND operator and V’ repres- 
ents the Boolean NOT or inverter operator. The fuses in the 
OR-array are programmed to select the desired AND 
combinations. 



PROGRAMMABLE 
LOGIC ELEMENT 

PROGRAMMABLE 
LOGIC ARRAY 
PROGRAMMABLE 
ARRAY LOGIC 




FIXED AND ARRAY 
PROGRAMMABLE OR ARRAY 
BOTH ARRAYS 
PROGRAMMABLE 

PROGRAMMABLE AND ARRAY 
FIXED OR ARRAY 



Figure 2. Structural differences between PLE (PROM), PLA and 
PAL. Note that the PALs and PLEs complement each 
other. The PAL has many input terms while the PLE Is 
rich in product terms 



The existence of all combinations of literals for all inputs makes it 
possible to define functions which cannot be implemented in a 
PLA or a PAL. For example, a 5-input Exclusive-OR (XOR) 
function can be implemented using 16 product terms. This may 
exceed the number of product terms available in a PAL and will 
consume too many product terms in a PLA, but can be 
constructed quite efficiently in a PROM. It is important to reaiize 
that any combination of inputs can be decoded in a PROM as 
long as sufficient input pins are provided since a PROM provides 
2Fi product terms (where n is the number of inputs). Another way 
of looking at this is that PROMs store the logic transfer function 
in a memory. The fixed AND-array (or AND-piane) consists of 
the row and column decoders while the fuses in the OR-array (or 
OR-plane) are the bits in the memory. In a memory, a fuse blown 
versus a fuse intact distinguishes a HIGH from a LOW. 
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PROGRAMMABLE 
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SIZE: n X 2n 


• 


SIZE: X m 
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n X m PROM 
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Figure 3. Block diagram of a PROM viewed as a PLE. Notice 
that the PLE provides many (20, where n is the number 
of Inputs) product terms. A by-product ot this Is 
programmable output polarity: either Active-High or 
Active-Low output polarities are available 
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PROMs are referred to as PLEs (Programmable Logic Ele- 
ments). 

Advantages of PLEs 

PLEs provide a cost-effective solution for many applications. 
Here are just some of the advantages of PLEs; 

1) Customizable Logic — The designer is limited to standard 
functions if SSI/MSI devices are used. The designer can create 
his own logic chips using PLEs. 

2) Design Flexibility — Modification of design is possible even 
without redesigning the PC board. For example, the address 
space of a microprocessor-based system can be reconfigured 
by merely programming a new PLE if the decoding is imple- 
mented in PLE. This feature comes in handy if you want to 
upgrade a system which originally used 64 K Dynamic RAMs to 
now use state-of-the-art 256 K Dynamic RAMs. 

3) Reduce Errors — Errors are sometimes unavoidable and 
oftentimes quite expensive. Programmable devices make it 
easier and less expensive to correct errors. 

4) Reduction of Printed Circuit Board Space — PLEs save PC 
board space since several SSI/MSI functions can be integrated 
into a single package. 

5) Fast Turnaround Time — With existing commercial pro- 
grammers and development software support, a prototype of the 
custom tailored PLE will be ready in just a few minutes. 

A Great Performer/ 




PLE Applications 

Applications of PLEs include random logic replacement, deco- 
der/encoders, code converters, custom ALUs, error detection 
and correction, look-up tables (both trigonometric and arith- 
metic), data scaling, compression arithmetic like Wallace Tree 
adders, distributed arithmetic, and residue arithmetic. 

Several levels of random logic chips can be replaced by one 
PLE. As discussed earlier, PLEs can implement logic in sum of 
products form. 




many or these functions are application dependent. A standard 
3-to-6 decoder/demultiplexer (74S138) can be used in decoding 
applications. But the decoding scheme may require several 
3-to-8 decoder/ demultiplexers and additional SSI OR-gates. On 
the other hand, a PLE can be customized to perform the required 
decoding function with no additional gates. Simple decoders, 
such as those used for decoding memory chip selects from 
address lines, can be implemented in a PLE with 5 to 10 inputs. 
More complex decoding may require 8 to 12 inputs. 




Figure 4. PLE address decoding appiication. The PLE seiects 
one of eight 2Kx8 Static RAMs by decoding severai 
microprocessor address iines 



PLEs offer a very flexible solution for code conversion applica- 
tions. Translations of codes such as from ASCII to EBCIDIC, 
Binary to BCD (Binary Coded Decimal), or BCD to Gray code 
can be implemented in PLEs. The 74S184 Binary-to-BCD Con- 
verter Is actually a 32x8 PROM. 




Figure 5. TVvo exampies of PLE code converters. The second 
exampie iiiustrates how to use two inputs as code 
seiect lines so that four converters can be provided in 
one PLE 
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standard ALUs (such as the 74S181) may not provide a very 
specialized function which a particular system requires, such as 
BCD arithmetic. In this case a RLE is again a good alternative. 
Although the RLE may be slower than a dedicated ALU, the 
presence of this specialized function is critical. For example, a 
4-bit ALU can be constructed in a RLE with 12 inputs (A3-A0, 
B3-B0, 12-10, Cin) and 8 outputs (F3-F0, /G, /R, Cout, A = B). Any 
8 functions can be implemented. 



A B 




Rgure 6. Block diagram for a 4-blt ALU which can be Imple- 
mented In RLE 

Data scaling is another RLE application. A dedicated multiplier is 
not required if the scaling factor is a constant; the prescaled 
result can be stored in a RLE. Fixed-bit multipliers are typically 
implemented in RLEs. 

Column compression technique (also called Wallace Tree 
Compression) is used when expanding an array of several 
smaller parallel multipliers to perform large wordlength multipli- 
cation. These smaller multipliers will generate partial products 
(intermediate results) which must be numerically summed 
according to bit significance in order to calculate the final word- 
length multiplication. Many levels of 2-input bus adders can be 
used to add these partial products, but the carry propagation 
delays may be too long. However, partial product adders imple- 
mented in RLEs can do compression of many levels without 
passing carries. Thus, the summation will be much faster. 




"... THE 'S556, TOGETHER WITH PLEi ORGANIZED IN A 
WALLACE-TREE CONFIGURATION, CAN SAIL RIGHT ALONG AT THE 
RATE OF FOUR 56 X 56 AWLTIPLICATIONS EVERT 
MICROSECOND . . ." 

Group Code Recorder (GCR) is an encoding/decoding scheme 
used for error detection on tape. During a WRITE operation, 
each 8-bit word is divided into two 4-bit nibbles. Both nibbles are 
then encoded into 5-bit codes before being recorded onto tape. 
Both 5-bit codes are decoded back to the original 4-bit nibbles 
and then combined during a READ operation. RLEs are excep- 
tionally useful in mapping the 4-bit data to the 5-bit code and 
back. 




TO TAPE 



Figure 7. GCR encoder/decoder block diagram 



Exclusive-OR gates, being half adders, are very prevalent in 
Error Detection and Correction (EDC) schemes. Many SSI chips 
are required to implement this function while RLAs and RALs 
may not provide sufficient product terms. RLEs are again an 
ideal solution. 
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Figure 8. Exclusive-OR gates can be implemented in PLEs very 
efficiently. A 4-input XOR gate (a) maps Into a 
checkerboard pattern in a Karnaugh Map (b) and 
requires eight product terms (c). The PLE Implemen- 
tation is shown in (d). An 8-input XOR gate requires 
sixteen product terms 
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I n many applications, the speed of the converging series used to 
generate the trigonometric functions is too slow and the accu- 
racy obtained by direct table look-up requires too much hard- 
ware. A good compromise between speed and hardware is to 
store an approximation to the function in a PLE. Then use this 
approximation as a starting point for an iterative algorithm (such 
as Newton-Raphson) to obtain additional accuracy. High-speed 
division, multiplication, and square-root calculations can be 
performed in a similar manner. 




Hgure 9. PLE look-up tables and Iteration loops can be used to 
generate very accurate trigonometric and arithmetic 
functions. An approximation to the function Is stored 
in a PLE and additional accuracy Is gained using 
iteration operations 



Distributed arithmetic is used for performing convolution opera- 
tions without using multiplier/accumulators. If the coefficients 
are constant, a look-up table for convolution can be stored in a 
PLE, thus replacing the multiplier. 

Residue arithmetic (also called Carry-Independent arithmetic) 
is a technique used to perform very fast integer arithmetic. High 
speed is achieved by using numbers in residue representation 
so that the sequential delay of carries on digits of higher signifi- 
cance is eliminated. A Residue Numbering System (RNS) is 
determined using an optimum moduli when designing the sys- 
tem, Conversion to and from residue representation are basic 
mapping functions which can be conveniently done in PLE. 
Also, since operations in residue arithmetic are performed using 
modulo addition and multiplication without carries, theseopera- 
tions can also be done using PLEs. In general, residue arithmetic 
should only be used for integer arithmetic which requires inten- 
sive operations. 



INTEGER 



INTEGER 



Figure 10. Architecture of a system based on RNS. An integer 
number is converted to RNS representation using 
PLEs, then the RNS arithmetic is performed using 
PLEs, and finaiiy fhe RNS resuit is converted back to 
integer representation again using PLEs 




Restrictions 

The basic restrictions for using PLEs to replace SSI/MSI parts 
are: 

1) Since a memory element has a product term for every com- 
bination of literals of all the Input terms, static hazard is normally 
unavoidable. For example, there are 5 inputs available in a 32x 8 
PROM. In order to generate a function like: 

f = a* b* c* d 

The actual implementation Inside the PROM will be: 
f = a* b* c* d*/e + a* b* c* d* e 

Ifa = b = c = d = HIGH, according to the firstequation,weshall 
expect f to remain HIGH Independent of e changing. In the 
actual PROM implementaton, there will be no hazard if e stays 
either HIGH or LOW. But If e changes, depending on whether e 
or /e will occur first, there exists the possibility that both product 
terms in the second equation will be LOW momentarily, which 
may cause a static logic hazard (HIGH to LOW to HIGH) for f. 
This hazard is commonly called a “glitch". Static hazards are not 
a problem for many applications, like those offered in this paper, 
but extreme care must be taken it the output of a PLE is used to 
strobe another device. 
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PLEASM'" Software Support 

Monolithic Memories has deveioped a software tooi to assist in 
designing and programming PROMs as PLEs. This package, 
caiied "PLEASM" (PLE Assembler), is available for several 
computers including the VAXA/MS and IBM PC/DOS. PLEASM 
converts design equations (Boolean and arithmetic) into truth 
tables and formats compatible with PROM programmers. A sim- 
ulator is also provided to test a design using a Function Table 
before actually programming the PLE. The PLEASM operators 
are listed below and the PLEASM catalog of operations is given 
on the next page. A sample PLE Design Specification (source 
code for PLEASM) with PLEASM outputs is given in Figure 12. 
PLEASM may be requested through the Monolithic Memories 
IdeaLogic Exchange. 

Operators (in hierarchy of evaluation) 

; Comment follows 

Dot operator (pin list or arithmetic operator follows) 
ADD Address pins (Inputs) 

DAT Data pins (Outputs) 

, Delimiter, separates binary bits (MSB first) 

= Equality (combinatorial) 



Figure 11. This Truth Table graphically illustrates the possible 
glitch (HIGH to LOW to HIGH hazard) for the func- 
tion f = a* b* c* d implemented in a 32x8 PROM. 
Address OF and 1 F contain a 1 while all other loca- 
tions contain a 0 for output f. If address input e should 
change, the PROM decoders could momentarily 
select a location containing a 0 



2) Although PROMs (or PLEs) are available with registered 
outputs, internal feedback from the outputs and buried registers 
are not yet available in PROMs. External connections from some 
outputs to inputs must be made for applications which require 
feedback (such as in state machines). However Registered 
PROMs without feedback are useful for pipelining (overlap 
instruction fetch and execution) in order to increase system 
throughput. 



BOOLEAN OPERATORS 

/ Complement, prefix to a pin name 
* AND (product) 

+ OR (sum) 

: + ; XOR (exclusive or) 

: * : XNOR (exclusive nor) 

ARITHMETIC OPERATORS 




. * . Multiply (numeric multiplication) 

. + . Plus (numeric addition) 

Monolithic Memories PLEASM™ version 1 .2D ® copyright 1984 
Monolithic Memories 

PLEASM — PLE Assembler — provides the following options: 
C Catalog — Prints the PLEASM catalog of operations 

E Echo Input — Prints the PLE design specifications 

T Truth Table — Prints the entire truth table 

B Brief Table — Prints only used addresses in the truth 

table 

H Hex Table — Prints the truth table in HEX form 




S Simulate — Exercises the function table in the 
logic equations 

I Intel Hex — Generates INTEL HEX programming 
format 

A ASCII Hex — Generates ASCII HEX programming 
format 

Q Quit — Exits PLEASM 







P5000 

BASIC GATES 

KMI SANTA CLARA. CALIFORNIA 

.ADD 10 II 12 13 14 

.DAT 01 02 03 04 05 06 07 08 



VINCENT COLI 10/03/82 



04 = 



10 



II 



12 



05 - /lO 

06 - /lO 

07 - 10 :+; 11 

08 - 10 II 



/II + /I2 
/II * /I2 



13 



14 



/I3 + /I4 

/I3 * /I4 

: 12 :+s 13 14 

: 12 !*: 13 :*s 14 



: BUFFER 
; INVERTER 
S AND GATE 
: OR GATE 
; NAND GATE 
; NOR GATE 
; EXCLUSIVE OR GATE 
; EXCLUSIVE NOR GATE 



FUNCTION TABLE 

10 II 12 13 14 01 02 03 04 05 06 07 ( 



! INPUT 
;01234 



- - OUTPUTS PROM basic GATES - - 

8UF INV AND OR NAND NOR XOR XNOR COHHENTS 



LLLLL 

HHUHU 

HLHLH 

LHLHL 



ALL ZEROS 
ALL ONES 

ODD checkerboard 
EVEN CHECKERBOARD 



DESCRIPTION 

THIS EXAMPLE ILLUSTRATES THE USE OF PLEs TO IMPLEMENT THE BASIC GATES: 
BUFFER, INVERTER, AND GATE, OR GATE, NAND GATE, NOR GATE, EXCLUSIVE OR 
GATE, AND EXCLUSIVE NOR GATE. 

NOTE ALSO THAT THREE-STATE OUTPUTS ARE PROVIDED WITH ONE ACTIVE LOW 
OUTPUT ENA-BLE CONTROL (/E) . 



PLEASM GENERATES THE PROM TRUTH TABLE FROM THE LOGIC EQUATIONS AND 
SIMULATES THE FUNCTION TABLE IN THE LOGIC EQUATIONS. 

Figure 12a. PLE Design Specification. This Is the source code 
for PLEASM. PLEASM generates the truth table and 
programming formats from the equations. PLEASM 
also exercises the Function Table In the equations 
and reports errors 



BASIC GATES 

.ADD 10 II 12 13 14 

.DAT 01 02 03 04 05 06 07 08 



ADO REX ADDRESS HEX DATA 



0 000 

1 001 

2 002 

3 003 

4 004 

5 005 

6 006 

7 007 

8 008 

9 009 

10 OOA 

11 OOB 

12 OOC 

13 OOD 

14 OOE 

15 OOP 

16 010 

17 Oil 

18 012 

19 013 

20 014 

21 OIS 

22 016 

23 017 

24 018 

25 019 

26 OlA 

27 OIB 

28 OIC 

29 OID 

30 OlE 

31 OIP 



32 

D9 

DA 

19 

DA 

19 

lA 

D9 

DA 

19 

lA 

D9 

lA 

D9 

DA 

19 

DA 

19 

lA 

D9 

lA 

D9 

DA 

19 

lA 

D9 

DA 

19 

DA 

19 

lA 

CD 



HEX CHECK SUM - 00F3C 



Figure 12c. Hex Table. PLEASM generates this truth table In 
hexadecimal fomi for verification of locations in the 
PLE 



BASIC GATES 

.ADD 10 II 12 13 14 

.DAT 01 02 03 04 05 06 07 08 



ADO 


AO 


A1 


A2 


A3 


A4 


01 


02 


03 


04 


05 


06 


07 


08 


0 


L 


L 


L 


L 


L 


L 


H 


L 


L 


H 


H 


L 


L 


1 


H 


L 


L 


L 


L 


H 


L 


L 


H 


H 


L 


H 


H 
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L 


H 


L 
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L 


H 
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H 
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H 
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L 
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L 
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L 
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H 
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L 
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L 


H 
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L 
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10 


L 
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L 
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11 
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L 
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L 
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12 
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13 
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H 
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H 


14 
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H 


15 
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H 
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H 


H 
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16 
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17 
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L 
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18 
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19 
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20 
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21 
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H 
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22 
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23 
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24 
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H 
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25 
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H 
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L 
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26 
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27 
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28 
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29 
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30 


L 
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31 


H 
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H 



HEX CHECK SUM * 00F3C 



Rgure 12b. Truth Table. PLEASM generates this truth table 
which can be used for verifying your design 



32 D9 DA 19 DA 19 lA D9 DA 19 lA D9 lA D9 DA 19 . 
DA 19 lA D9 lA D9 DA 19 lA D9 DA 19 DA 19 lA CD . 

00F3C 



Figure 12d. ASCII Hex Programming Format PLEASM gen- 
erates this ASCII Hex programming format with 
Hex check sum. Control characters are Included 
so that the Information can be down-loaded 
directly to a PROM programmer 



!l0000aaa32D9DA19DA191XD9DA191AD91U>9DA1940 

:10001000DA191A091XD9DA191M)9DA19DU91ACD54 

sOOOOOOOIFF 



Figure 12e. Intel Hex Programming Format. PLEASM gener- 
ates this Intel Hex Programming Format with a 
Hex check sum following every 16 bytes of data 
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High-Speed Bipolar PROMs Find New Applications as PLEs 



PLE Family 

Monolithic Memories carries a famiiy of fast PROMs which can 
be used as Memory or PLE devices. Since the critical parameter 
for logic applications is speed, our series of fast PROMs have 

PLE Selection Guide 



INPUTS 



PART 

NUMBER 



worst-case memory access times (or propagation delays) rang- 
ing from 15 ns for small PROMs to 40 ns for large PROMs. The 
Logic Symbois for four of the PLEs are given in Figure 13 and a 
summary of the PLE family is given below: 




*Clock to output time lor registered outputs 
t Preliminary data. 

NOTE: Commercial limits specified. 
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Summary 

There are many interesting applications for high-speed PROMs 
used as PLEs. A software package called “PLEASM” is avaiiable 
as a development tool. 
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PLE5P8/A 





PLE12P4 




Figure 13. Four sample PLE logic symbols 



PAL* (Progammable Array Logic) is a registered trademark of Monolithic Memories 
PLE~ and PLEASM^ are trademarks of Monolithic Memories dSII 
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High-Speed PROMs with On-Chip 
Registers and Diagnostics 

Vincent J. Coli, Stephen M. Donovan and Frank Lee 



Abstract 

A family of High-Speed Registered and Diagnostic PROMs 
offer new savingsfor system designers. The Registered PROM 
family features on-chip "D'-type output registers which are 
useful in pipelined systems and state machines. In addition to 



output registers, the Diagnostic PROMs feature a Shadow 
Register which makes it easier for system designers to include 
diagnostics in microprogrammed systems. Architectures and 
applications for these devices are discussed in this paper. 
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High-Speed PROMs 

with On-Chip Registers and Diagnostics 

Vincent J. Coli, Stephen M. Donovan and Frank Lee/Electro 84 



A family of High-Speed Registered and Diagnostic PROMs offer 
new savings for system designers. The Registered PROM family 
features on-chip “D’’-type output registers which are useful in 
pipelined systems and state machines. In addition to output 
registers, the Diagnostic PROMs feature a Shadow Register 
which makes it easier for system designers to include diagnos- 
tics in microprogrammed systems. Architectures and applica- 
tions for these devices are discussed in this paper. 

Architectures 

In digital systems, it is natural to have a PROM followed by a 
register. This structure is particularly useful in microprogram- 
ming and state machine design. The Registered PROM family 
includes an on-chip Output Register as illustrated in Figure 1 . By 
integrating these two building blocks into one chip, the follow- 
ing benefits are realized: 

1 . 2-to-1 chip count reduction 

2. PC-Board space saving 

3. Reduced power consumption 

4. Eliminate the PROM output buffer and register input buffer 
and their associated delays. 






IS CLK 



Figure 1. Registered PROM Block Diagram with 
Synchronous Initialization 



In addition to the on-chip Output Register, the Diagnostic 
PROMs include extra circuitry to perform system level diagnos- 
tics, DOC™ (Diagnostic-On-Chip). Specifically, a burled Shadow 
Register with shifting capability and a 2:1 multiplexer are pro- 
vided. A block diagram illustrating the Diagnostic PROM archi- 
tecture is given in Figure 2. 

Shadow register diagnostics allows observation and control of 
all points in a digital system by scanning through the Shadow 
Register. As a result, test vector generation is greatly simplified 
and a high degree of fault coverage can be easily obtained. A 
standalone 8-Bit Diagnostic Register (SN54/74S818 shown in 
Figure 3b) is also available. Several references are listed at the 
end of this paper which provide a detailed description of diag- 
nostic architecture and how to use it, including Session IBofthis 
conference (see r4). 



Figure 2. Diagnostic PROM Block Diagram 

Product Families 
Registered PROMs 

The Registered PROMs are configured in 8-bit wide organiza- 
tions with densities of 4K, 8K, and 1 6K. The following Registered 
PROMs are available: 

53/63RA481 — 512 words x 8-bit memory with both syn- 

chronous and asynchronous three-state 
enables and preset and clear functions 
53/63RS881 — 1 024 words x 8-bit memory with both syn- 

chronous and asynchronous three-state 
enables and ISsynchronous initialization 
words 

53/63RA1681 — 2048 words X 8-bit memory with asynch- 

ronous three-state enable and 16 syn- 
chronous initialization words 

53/63RS1681 — 2048 words x 8-bit memory with synchro- 

nous three-state enable and 16 synchro- 
nous initialization words 



TWX: 910-338-2376 

21 75 Misalon College Boulevard, Santa Clara, CA 95054 Tel: (408) 970-9700 TWX: 910-338-2374 
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S3/63RA481 



53/63RS881 



53/63RA1681 



S3/63RS1681 







Figure 3a. Logic Symbols lor the Registered PROM lamily 



Diagnostic PROMs 

The Diagnostic PROMs are configured in 4-bit wide organiza- 
tions with densities of 4K, 8K and 1 6K. The foi iowing Diagnostic 
PROMs are availabie: 

53/63DA441 — 1024 words x 4-bit memory with asynch- 

ronous initialization and two asynchro- 
nous three-state enables 

53/63DA442 — 1024 words x 4-bit memory with both 

asynchronous and synchronous three- 
state enables 

53/63DA841 — 2048 words x 4-bit memory with asynch- 

ronous initialization and asynchronous 
three-state enable 

53/63D1641 — 4096 words x 4-bit memory with asynch- 

ronous three-state enable 

53/63DA1643 — 4096 words x 4-bit memory with asynch- 

ronous initialization and totem-pole 
outputs 

Both the Registered PROMs and Diagnostic PROMs are availa- 
ble in space-saving 24-pin SKINNYDIP* (0.3- inch wide) pack- 
ages and are specified over both commercial and military 
temperature ranges. 

Features 

Edge Triggered Registers 

Data from the PROM is loaded into the Output Register on the 



rising edge of the clock. The use of the term "register" is to be 
distinguished from the term "latch”, in that a register contains 
master-slave flip-flops while the latch contains gated flip-flops. In 
other words a register is edge-triggered while a latch is level- 
sensitive. The output of a register will change only on the rising 
edge of the clock. A latch holds the input data on the falling edge 
of the clock. The distinguishing advantage of a register is that its 
output will only change on the rising edge of the clock, while a 
latch becomes transparent (output follows input) when the 
clock is High. As a result, system timing is simplified and faster 
microcycle times can be obtained. 



Asynchronous Programmable 
Initialization 

The Output Register can be loaded with a user-programmable 
initialization word. Each flip-flop in the Output Register may be 
individually programmed to either a HIGH state or a LOW state 
so that when the Initialize pin (I) is active (Low), the Output 
Register will now contain this initialization word. Note that the 
initialization operation will occur independent of a clock pulse. 
Also, this feature is a superset of a preset and clear function. 
Therefore programmable initialization can be used to generate 
any arbitrary microinstruction for system reset or interrupt. This 
feature is offered in several of the Diagnostic PROMs. 











High-Speed PROMs with On-Chip Registers and Diagnostics 



53/63DA441 53/63DA442 53/63DA841 






Figure 3b. Logic Symbois for the Diagnostic PROM fatniiy 



Synchronous Programmable 
Initialization 

This feature provides sixteen user-programmable synchronous 
initialization words. As illustrated in the_Block Diagram (Figure 
4), with the synchronous initialize pin (IS) LOW, one of sixteen 
column words (A3-A0) will be loaded into the Output Register 
following the clock pulse and independent of the row addresses 
(A9-A4). This is useful for implementing a small (<16word) reset 
or interrupt routine. With all IS column words (A3-A0) pro- 
grammed to the same pattern, the IS function will be independ- 
ent of both row and column addressing and may be used as a 
single pin control. This feature is offered in several of the Regis- 
tered PROMs. 

Three-State Drivers 

The output of the register is buffered by three-state drivers 
which are compatible with low-power Schottky three-state bus 
standards. Thus VOL is 0.5 volts at lOL of 24 mA, VOH is 2.4 volts 
at lOH of -3.2 mA, and lOS minimum is guaranteed to be -20 
mA. These hefty standards provide ample drive to meet the 
requirements of many bus standards. 



Synchronous and Asynchronous 
Enables 

Both synchronous and asynchronous output enable options are 
available. The synchronous output enable (ES, see figure 5a), 
which is sampled on the rising edge of the clock, is used when 
more than one PROM Is bused together to increase word 
length. In this case the enables effectively become the most 
significant address bits and, as such, must be registered just as 
data. Stated another way, when the clock goes high, the address 
is free to change , requiring enable information to be remem- 
bered somewhere. It is most appropriate to store the enable 
information. When the enable is not used, or when the outputs 
are to be gated onto some type of bus, the registered enable 
tends to get in the way. For this reason, the asynchronous output 
enable option (E, see Figure 5b) is offered to allow direct control 
of the enable independent of fhe clock. For parts which have 
both synchronous and asynchronous output enables (see Fig- 
ure 5c), outputs are enabled if, and only if, ES is LOW during the 
last rising edge of the clock and E is LOW. 
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00 01 02 03 04 05 06 07 



Figure 4. Block Diagram of 24-pin 53/63RA1681 Registered 
PROM. The 2Kx8 Registered PROM contains sixteen 
programmable initialization words 



ADDRESS 




OUTPUTS 

Figure 5a. Synchronous output enable (ES) 



ADDRESS 




OUTPUTS 



Figure 5b. Asynchronous output enable (E) 




Figure 5c. Enabling of out^ts for both synchronous (ES) and 
asynchronous (E) output enables 



Application Areas The Microprogram Sequencer generates the addresses for the 

Microprogram Control Store Microprogram Memory which stores the control program. The 

Microprogram register assures that all bits change simultane- 
Microprogramming is the technique of using control programs ously after the clock pulse and allows for pipelining instruction 

stored in high-speed memory, such as bipolar PROMs, to fetch and instruction execution. Some bits from the register are 

instruct a digital system to perform various functions. A typical fed back to the sequencer while others are used for system 

microprogram control store architecture is given in Figure 6. control. This field of bits is called a Microword. 













High-Speed PROMs with On-Chip Registers and Diagnostics 



LOGICAL INPUTS 




OUTPUTS 

Figure 6. Typical Microprogram Control Store 

Pipelined Systems 

Pipelining is the art of designing digital systems such that delays 
associated with causal operations occur in parallel. A complex 
operation is divided into several smaller stages which are per- 
formed during clock cycles. Just as a widget traveling down an 
assembly line, each stage is operating on a piece of information 
which the previous stage operated on during the previous clock 
cycle. Maximum utilization of the hardware, which translates 
into maximum system performance, is achieved when the pipe- 
line is full. The fall-through time for any piece of data through the 
system is the same (or even longer) , but the number of pieces of 
data processed per unit time is greatly increased. 

Clearly the benefit in pipelining microprogrammed systems is 
that instruction fetch and instruction execution times can be 
overlapped. Therefore the microcycle time is defined as the 
longer of either fetch or execution times, rather than the sum of 
both fetch and execution times, as illustrated in Figure 7. 

Pipelining can also be used to obtain higher performance in data- 
intensive systems such as array processors where a large 
amount of data is coming in for processing without passing 
through the CPU. It is very inefficient to hold the next set of data 
until the previous data has propagated through all of the logic 
blocks in the system (Figure 8a). It is more efficient to pipeline 
the system and load new data after the previous data has been 
passed to the next block (Figure 8b). 

|<-MICROCrCLE-»^ 

INSTRUCTION 

FETCH 

PIPELINED 

INSTRUCTION 

EXECUTION 



MICROCYCLE 



INSTRUCTION 


INSTRUCTION 


FETCH 


EXECUTION 



Figure 7. Length of Microcycle for pipelined and non-pipelined 
systems. Note that delays are overlapped In the pipe- 
lined system, while delays are summed In the non- 
plpelined system 



BLOCK 1 


— 1 — 

tpd(blk1) 

♦ 


BLOCK 2 


tpd(blk 2) 


BLOCK 3 


tpd(blk 3) 



Figure Sa. An example of a nonpipellned (fall-through) 
approach to arithmetic operation 




FIgureSb. Pipelined arithmetic operation. Notethat 
tpD = MAX [*PD (bik 1), tpo (bik 2), tpD (bik 3)] + tpD (reg) 

Programmable Logic Elements (PLE'") 

Since the inputs of PROMs are fully decoded and the outputs are 
definable for all possible input combinations, PROMs can be 
used as logic elements, replacing several levels of logic gates. 
PROMs are particularly useful for this application since the 
PROM provides a vast number of product terms (2'^, where n is 
the number of inputs) so that any transfer function can be 
implemented in a PROM with a sufficient number of inputs. The 
Output Register can be used to eliminate static hazards (glitches) 
which are normally unavoidable in PROMs. The Monolithic 
Memories trade name for high-speed PROMs used for logic is 
"PLE" (acronym for Programmable Logic Element). Monolithic 
Memories has developed a software tool called "PLEASM™" 
(PLE Assembler) to assist in designing and programming 
PROMs as PLEs. PLEASM is available for many computers and 
may be requested through the Monolithic Memories IdeaLogic 
Exchange. References r6, r7 and r8 offer an in-depth discussion 
of programmable logic applications for PROMs. 

State Machines 

A natural extension of using PROMs as logic elements is to use 
Registered PROMs as single-chip State Machines. In a classic 
state machine, the present state (or output) is a function of both 
the present inputs and the previous state. The combinatorial 
logic is implemented in the PROM array and the Output Register 
is used to store the state. One or more of the Registered PROM 
outputs are connected to address inputs in order to provide the 
state of the machine. The abundance of product terms in a 
PROM used to implement combinatorial logic translates into an 
unlimited combination of states. For example, a 2Kx8 Registered 
PROM can implement a 4-input, 8-output machine with any 
combination of 1 28 states. States and inputs can be traded off to 
provide a wide range of possible state machines. The program- 
mable initialization feature is convenient to initialize the state 
machine. 
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A 4096-word by 6^'fwicJe mlcrocontrol^r can Ee*cons?ruct^ 
using sixteen 4096x4 Diagnostic PROMs (53/63D1 641 ) and one 
Programmable Array Logic (PAL®) chip. This controller sup- 
plies thirty-six control signals, four status select bits, and two 
addresses of twelve bits each (Figure 9) — one for the Next 
address and one for the Jump address. 

In this design, three PROMs are used to store the Next address 
while an additional three PROMs are used to store the Jump 
address. Note that three 4-bit wide PROMs provide sufficient 
inputs to address the full 4096 words of Microprogram memory. 
One PROM is used to store four status select Inputs to the PAL, 
which is used as a multiplexer for test conditions. A PALI 6C1 or 
PAL20C1 is ideal for this Test Mux since these parts provide 
many inputs (sixteen and twenty respectively) and complemen- 
tary output (both true and inverted) polarities. The remaining 
nine PROMs are used to store the 36-bit Microcontrol word. 
Note that a Microprogram sequencer is not used in this 
architecture. 



D^_:_ ^ r«: — — 

microin.structions some operations may involve a Jump. The 

4-bit status select PROM will select a status bit from the test 
conditions to a pair of complementary outputs which will enable 
either the Next address or the Jump address. The address 
enabled will point to the Next microinstruction in the bank of 
PROMs. If no conditional Jump is needed, both the Next address 
and the Jump address will be the same. 

For example, a Jump will be performed if bit 11 of the test 
conditions is set; the status select bits will be 1011 (which 
represent 1 1 ) and the status to be tested and itscompiement wiil 
appear on the outputs of the PAL. Noting that the output enables 
of the Diagnostic PROMs are active LOW, the true PAL output 
controls the NEXT address PROMs, while the inverted PAL 
output controls the Jump address PROMs, If the test status is 
TRUE, the true PAL output disables the Next address PROMs 
while the inverted PAL output enables the Jump address PROMs. 
The reverse will occur when the test status is FALSE. This Next/- 
Jump decision is illustrated in Figure 10. 




TEST 

CONblTIONS 



Figure 9. 64-bit Microcontroller using sixteen 4Kx4 Diagnostic PROMS and one PAL 




DECISION MAOE 
BY TEST MUX 
(NOTE BOTH AOORESSES 
ARE ARBITRARY) 



Figure 10. Microprogram Memory Map illustrating the Next 
address/Jump address decision made by the test 
mux 



Note that the decision time can be decreased if the Next/Jump 
decision is made one clock cycle ahead and stored using a 
synchronous enable. This scheme will reduce the decision time 
by an amount equal to the propagation delay through the PAL 
Test Mux, but microcoding this system will become much more 
complex. 

Fewer PROMs would be required if an even/odd Jump address 
scheme were used (such as only allowing Jumps to certain 
paragraphs), however this decreases the flexibility of PROM 
addressing. 



The decision cycle time is computed by the foilowing equation: 



•su * *CLK + *PD * *PXZ 

where 

tg^ = address setup time for the diagnostic PROM 
*CLK ■ output delay of the PROM 

tpD ~ propagation delay In the outside logic 
tpxz = output enable/disable delay for the diagnos- 
tic PROM. 



Pseudo Random Number Generator 

In the data path, a Registered PROM can be used to implement 
complex functions such as a Pseudo Random Number (PRN) 
Generator. PRN sequences are useful In enctxllng and decoding 
of information in signal processing and communication sys- 
tems. They are used for data encryption in secure communica- 
tion links, and error detection and correction codes in data 
communication systems. PRN sequences are aiso utilized as 
test vectors for testing digital systems and as reference white 
noise in many signal prcxiessing applications. 



5-16 



MonoUihks UlKUl Memories 








High-Speed PROMs with On-Chip Registers and Diagnostics 



There are many techniques for generating PRN sequences. The 
most common technique is to use “n" stages of linear shift 
registers with feedback paths to determine a polynomial which 
characterizes a PRN sequence. Figure 11 illustrates a typical 
mechanism for generating PRN sequences. 



The advantage of using a PROM (or PLE) for implementing PRN 
sequences is that any polynomial can be quickly customized in 
it. In data encryption systems where the code is frequently 
changed for protection from mischievous eavesdroppers, a 
PROM can be used to generate a new code each time or several 
codes can be implemented in the same PROM. 




Figure 11. An “n” Stage Linear Feedback Shift Register 
(LFSR)). The PRN sequence generated is charac- 
terized by a polynomial of degree n. The feedback 
terms and logic functions determine its binary 
coefficients 
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Figure 12. A 3'Stage Pseudo Random Number Generator 
implemented in a Registered PROM (PLE) 
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An example of a PRN generator implemented in a Registered 
PROM is shown in Figure 12. A linear 2-input XOR function is 
used to generate a PRN sequence characterized by a poiynom- 
ial of degree 3. The PRN sequence is of maximum iength with 
period 7. 

Cyclical Redundancy Check (CRC) is wideiy used for Error 
Detection in data communication. Both serial and parallel CRC 
can be performed depending on the nature of application. 
In serial data transfer on Local Area Networks, or between 
peripheral and main memory, serial CRC is the preferred and 
perhaps the most efficient technique. However, systems em- 
ploying wide data buses for high-speed short-distance data 
transfer require a high-speed mechanism of ensuring data 
integrity. In these applications, parallel CRC might be the better 
alternative. 

The implementation of an M-bit parallel CRC is more complex 
than its serial counterpart. Although both use Linear Feedback 
Shift Register (LFSR) configurations, the parallel implementa- 
tion requires M-bit carry look-ahead circuitryto process the M 
data bits simultaneously (see reference r9). The equations for 
this carry look-ahead represent the output of each stage In the 
LFSR after every shift of an M-bit string of data. These equa- 
tions contain a large number of XOR operations which make it 
very efficient to implement in a Registered PROM. 



To illustrate with a practical example. Figure 14 shows the 
serial implementation of the CRC generator polynomial 

G(X) = x1® + X^^ + X® +1 

also called the CRC-CCITT standard. Figure 16 shows the 8-bit 
carry look-ahead equations for an 8-bit parallel CRC implemen- 
tation of the same polynomial. These equations are derived in 
reference r9, where an implementation in four PAL devices is 
also shown with a maximum delay of 90 ns. Figure 15 shows an 
implementation in only three Registered PROMs and one SSI 
chip. The maximum delay is 50 ns. 

The speed of operation of parallel CRC implemented In Regis- 
tered PROMs will remain the same for any generator polynom- 
ial and M. Increasing the complexity of the carry look-ahead 
equations only increases the number of devices required to 
implement them. It does not increase the delay. 



Do-D7-7^ 
ifiiT 

SE 

CLOCK 



a-BIT PARALLEL 
CRC 

(CRC-CCITT) 

3 PLE DEVICES 
1 SSI CHIP 



16 Xo-Xi5 

/ - CHECK BITS 



-ERROR FLAG 



Figure 13. Block diagram of an 8-blt parallel CRC 



GENERATOR 
POLYNOMINAL 
G(X) = X1*+X1^+XS+1 




Figure 14. A 16-Blt Linear Feedback Shift Register (LFSR) 
Implementing a Serial CRC Generator 
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Figure 15. Diagram showing how to connect three Registered PROM (or PLE) devices together to Implement 
8-blt parallel CRC. The Error Flag is valid on the next clock pulse after all the data has been 
clocked In 
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^.1 iy Afc L-;\^“ .■; . . .*r. . . . r. .-. ' ... cnip^“ 

X3 (n + 1) := XII (n) ® X15(n) ® D(0) ® D(4) chip3 

X4 (n + 1) := X12(n) ® D3 chipl 

X5 (n + 1) := X8 (n) ® X12(n) ® X13(n) ® D(2) ® D(3) ® D(7) chipl 

X6 (n + 1) := X9 (n) ® X13(n) ® X14(n) ® D(1) ® D(2) ® D(6) chip2 

X7 (n + 1) := X10(n) ® X14(n) ® X15(n) ® D(0) ® D(1) ® D(5) chip3 

X8 (n + 1) := XO (n) ® XII (n) ® X15(n) ® D(0) ® D(4) chip3 

X9 (n + 1) := XI (n) ® X12(n) ® D(3) chipl 

X10(n + 1) := X2 (n) ® X13(n) ® D(2) chip2 

X11(n + 1) := X3 (n) ® X14(n) ® D(1) chip2 

X12(n + 1) := X4 (n) ® X8 (n) ® X12(n) ® X15(n) ® D(0) ® D(3) ® D(7) chipl 

X13(n + 1) := X5 (n) ® X9 (n) ® X13(n) ® D(2) ® D(6) chip2 

X14(n + 1) := X6 (n) ® X10(n) ® X14(n) ® D(1) ® D(5) chip3 

X15(n + 1) := X7 (n) ® X11(n) ® X15(n) ® D(0) ® D(4) chip3 



where Xi (n + 1) is the next state value ot the corresponding 
register i, i = 0, .... 15 

Xi (n) is the present value of the corresponding 
register i, i = 0. 15 

D (n) is the parallel input data bits, where n = 0 7 



Figure 16. Carry look-ahead equations for 8-blt parallel CRC with G(X). The equations 
are partitioned Into parts for efficient Implementation In three chips 



Summary 

There are many interesting applications for high-speed Regis- 
tered and Diagnostic PROMs. The integration of a Shadow 
Register ih the Diagnostic PROM greatly simplifies system level 
diagnostics. 
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Abstract 

A new concept called Diagnostics On Chip™ (DOC™) was intro- 
duced in the industry recently. A series of new products with 



shadow register diagnostic capability is coming. These new pro- 
ducts use this new concept and wiil provide a cost-effective solu- 
tion to the issue of testabiiity for digital systems. 



* This paper is a slightiy modified version of the paper by the same name which appeared in the Eiectro/84 Professionai Program Session Record. Session 16 reprint, 
paper 16/1; 15-17 May 1984. 
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Diagnostic Devices and Aigorithms For 
Testing Digitai Systems 

Imtiyaz M. Bengali, Vincent J. Coli, Frank Lee/Electro 84 



A new concept called Diagnostics On Chip (DOC™) was intro- 
duced in the industry recently. A series of new products with 
shadow register diagnostic capability is coming. These new 
products use this new concept and will provide a cost effective 
solution to the issue of testability for digital systems. 

Introduction 

In developing a digital system, cost is a very sensitive issue. For the 
OEMs, cost itself can be categorized as R & D, manufacturing, 
marketing, testing, and maintenance costs, etc. The strategy is to 
reduce the overall cost for a system. Noting that marketing cost is 
about the same for a certain type of system and R & D cost is a 
one-time expense, it will be beneficial to put in diagnostic features 
to reduce the future expense in testing and maintenance. 

if a large system goes down, it will not be practical to test all the 
chips individually. An alternative is to have built-in test circuits. If 
an error occurs, it can be located by running a test sequence 
through the system. It will definitely save a lot of time and expense 
compared to using tens or hundreds of man hours to debug the 
system manually. 

Basics of Diagnostics 

The test problem has two major facets: 

1. Test generation. 

2. Test verification. 

Test generation is the process of determining the test sequence tor 
a circuit which will demonstrate its correct operation. Test verifica- 
tion is to prove that the circuit works with the test vectors. Fault 
simulation has been the best technique of yielding a quantitative 
measure of test effectiveness. Test sequences are automatically 
generated and verified in the circuit after simulating a single 
"stuck-at-type" of fault in it By observing the circuit outputs, faults 
can be detected and a quantitative measure of test effectiveness 
can be evaluated. 

This technique is efficient to test combinatorial circuits, especially 
smaller circuits where the test sequence Is trivial. For a more 
complex circuit many techniques are available such as D- 
Algorlthm, Compiled Code Boolean Simulation, Adaptive Random 
Test Generation, and other algorithms. 

The techniques for combinatorial circuits are inefficient and 
ineffective for sequential circuits. As a first approximation, one 
can treat a sequential circuit as being purely combinatorial 
within each clock cycle and test it with the above techniques for 
a particular state. Every time the machine makes a transition to a 
new state, the test sequence is different. This is a very costly way 
of testing the circuit, especially if it has many states. Moreover, 
one should have the knowledge of initial state, illegal states, and 



sequences to bring the machine out from an illegal state into a 
known state. All these problems pertaining to testing of sequential 
circuits have given rise to the concept of ‘‘design for testability”. 



The key concepts are CONTROLLABILITY and OBSERVABILITY. 
Control and observation of a network are essential to implement 
its test procedure. Various designs for testability methods have 
evolved in the last five to six years. All of these methods have the 
same objective — to be able to control and observe critical points in 
a network. These techniques allow test generation problems to be 
completely reduced to the generation of test vectors for combina- 
torial logic. 

For example, consider the case of the AND gate; 

Figure 1. A simple 2-input AND gate 

In order to test for a stuck-at-1 (sal ) fault, it is necessary to put ‘A‘ 
to ‘O', ‘B‘ to ‘1 ’, and observe output ‘C‘ for ‘0‘ or ‘1 ’. If ‘0’ is observed 
at C, then the AND gate is good for sal fault; otherwise there is a 
fault. In order to fully test the AND gate, the following test 
vectors are to be exercised: 

ABC 

® ^ ® I Detect sal 
1 0 0 1 

111 } Detect saO 

Table 1 . A set of test vectors fully covering all stuck-at-faults of 
the AND gate In Figure 1 

As the circuit becomes more complex, it is more difficult to control 
and observe every signal path. Thus, it becomes essential to give 
serious thought to the testability of the circuit through the design 
phase. One approach is to adopt structured design methodology. 
Ideally, this means that the design is totally synchronous with the 
system clock. 

Most structured design practices are built upon the concept that 
If the values in all of the registers can be controlled to any specific 
value, and if they can be observed with a straightfonward opera- 
tion, then the test generation, and possibly the fault simulation 
task, can be reduced to doing test generation and fault simulation 
for a combinatorial network. A control signal can switch the 
memory elements from their normal mode of operation to a 
mode that makes them controllable and observable. 
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A simple but effective way to convert a sequential network to a 
combinatorial one is by breaking the feedback loop and inserting 
the test data in place of the sequential data in the feedback 
registers. 









REG 

















Figure 2a. A simplified representation of a sequential network 
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Figure 2b. The feedback path on the sequential network is 
broken in order to reduce the network to a pseudo- 
combinatorial one 



There are many methods of design for testability practiced in the 
industry, like LSSD, ScanPath, Scan/Set, Random Access, and 
BILBO. All of these techniques require additional hardware, 
mostly shift registers, in order to input test sequences and to 
observe critical points in the circuit. It appears that additional 
cost in terms of special hardware has to be incurred for 
designing testability and structured design. But since the cost of 
hardware is declining, the trade-off is advantageous in the 
reduction of testing cost of bigger circuits. 

Moreover, the circuit is well monitored and documented. Thus 
when the boards are in the field, and if there is a fault in a 
particular board, each block of the circuit can be monitored 
efficiently and the fault can be easily diagnosed, thus reducing 
maintenance cost in the future. 



Previous Diagnostic Schemes 

There are two basic methods to load in test vectors: parallel 
loading, and serial scanning. 

Parallel loading of data in and out requires very wide input and 
output buses and is not worthwhile. Besides, it will not be 
effective to store and analyze the results. Built-in digital circuit 
observer (BIDCO) is a modified example of parallel loading of 
diagnostic data using a pseudorandom number generator to 
generate test vectors. 

Serial scanning needs several clock cycles to load in or shift out 
the test results. It may take several minutes to run all the diagnostic 
vectors through the system. Considering the time needed to 
analyze the results and repair, the time taken to run the 
diagnostic vectors is insignificant. Examples of serial scan 
diagnostics techniques are level-sensitive scan design (LSSD) 
and Diagnostic-On-Chip (DOC). LSSD involves shifting of 



diagnostic data into latches, testing the system with that data 
and then shifting out the test result. DOC uses a buried register, 
called a shadow register, through which diagnostic data is 
shifted in and out. 



Shadow Register— Why? 



For the LSSD, outputs from the microcontrol store will contain 
some intermediate data when diagnostic microinstructions are 
shifted in and test results are shifted out. If several control signals 
are used to drive several ports on the same bus, it is possible that 
more than one port may be enabled at the same time by the inter- 
mediate data (as shown in Figure 4), thus creating a bus fight. 
The result may be hazardous to your system. Other hazards such 
as a disk crash are also possible Designing with LSSD forced 
compromises in system design. 



LOAD/ 

SHIFT 




Figure 3. Serial scanning techniques simplify testing by serially 
shifting In test data and shifting out test result 



BIT 0 BIT 1 BIT 2 BIT 3 




Figure 4. Potential bus fight may appear as Port A and Port 8 
may both be enabled when test data or result is 
shifted through the register bits (aiso called three- 
state overlap) 

If the diagnostic data is shifted into some buried registers which 
are not directiy tied to the controi lines, the above problem can be 
avoided. This is the concept of Diagnostic-On-Chip (DOC) which 
uses shadow register diagnostics. 

An additionai feature forashadow register is to permit test vectors 
to be shifted in during normai execution, which means it is not 
necessary to hold up the system too long in order to perform 
diagnosis. 

A shadow register is basically a buried register with shift capabiiity 
(figure 5). There is aiso an output register whose outputs appear to 
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the output pin may be converted to an input pin. This feature is very 
important if the output is driving a bus and sampling of data on the 
bus is desired. 



INPUTS 




OUTPUTS 

B LINES, BI-DIRECTIONAL 
(IF OUTPUT BUFFERS ARE 
THREE-STATE) 

Figure 5. A typical diagnostic 1C using DOC 

The input to a bit of the shadow register is a multiplexer which can 
select data from one of three sources: 

1 ) The less significant bit location in the shadow register (or SDI for 
the least significant bit). This operation is just a simple shift register. 

2) The same bit location in the shadow register. 

3) Data on the output pin atthe same bit position. This data may be 
the output of the corresponding bit of the output register if there is 
no output enable pin or if the output is enabled, or the input to that 
pin if there is an output enable pin and the output is disabled. 

Function Table 



2) The corresponding bit location in the shadow register. 

Since the data shifted in during the diagnostic mode does not 
appear on the output bus, the system will never see the interme- 
diate results of the serial shift. Therefore, all control signals will be 
valid and the hazards associated with LSSD are eliminated. 

With this concept in mind, a new standard for upcoming system 
diagnostics can now be presented. 

Cascadability of the Diagnostic ICs 

One very significant feature of the diagnostic parts is their cascad- 
ability. Diagnostics is not done very frequently. Therefore, it is very 
costly to put many data and control lines and ICs on a board just 
fortesting. One way to minimize the cost is by having one input line 
and one output line and shift in all the bits serially. This means that 
the SDO of a diagnostic chip must be able to connect to the SDI of 
another diagnostic chip. Noting that SDI can be both the data input 
or the control Input SDO must contain the most significant bit of 
the shadow register if SDI is the data input and must pass the 
content of SDI If SDI is used as a control signal. 

There is only one data input and one data output to the diagnos- 
tic parts. When serial data is shifted in or shifted out, data has to 
be passed from one diagnostic chip to another. Since SDI must 
be passed from chip to chip (if it is used for control). It is 
necessary for logic designers to make sure the fall-through time 
of SCI to the last chip and the setup time from SDI to DCLK are 
satisfied. 

The Diagnostic 1C Family 

A family comprising 4K, 8K, and 16K Diagnostic PROMs 
( DPROM'“) with 4-bit output organizations and 8-bit Diagnostic 
Register are available form Monolithic Memories. These devices 
are packaged in industry standard 24-pin SKINNYDIP® (0.3- 
inch wide) packages and are specified over both commercial 
and military temperature ranges. 
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Table 2. Operation of the diagnostic ICs in a digital system 
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The Diagnostic component series consists of the following 
products (see Figure 6 below for the Logic Symbols): 

53/63DA441 — 1024 words x 4-bit memory with asynchronous 
initialization and two asynchronous three-state enables 

53/63DA442 — 1024 words x 4-bit memory with asynchronous 
initialization and both asynchronous and synchronous three- 
state enables 

53/63DA841 — 2048 words X 4-blt memory with asynchronous 
initialization and asynchronous three-state enable 

53/63DA1641 — 4096 wordsx4-bit memory with asynchronous 
three-state enable 

53/63DA1643 — 4096 words x 4-bit memory with asynchronous 
initialization and totem-pole outputs 

SN54/74S818 — 8-bit register with asynchonous three-state 
enable and write-back capability to the inputs, basically for 
loading of writeable control store (WCS). Even in the case of 
non-writeable control store, diagnostic registers should also be 
used in breaking the loops of the sequential system 

53/63DA441 53/63DA442 



The introduction of the DPROMs and diagnostic register results 
in a new standard for diagnostics. Noting that the diagnostic 
devices need controls over two independent registers and a 
multiplexer, a number of overhead pins are necessary. These 
overhead pins must be defined in a way that the diagnostic parts 
can be cascadable. 

The diagnostic ICs need the following pins in addition to those 
used in a similar part without the diagnostic features; 

1) Diagnostic Clock (DCLK) — The diagnostic clock is used to 
clock the shadow register. 

2) MODE — This pin is used in selecting the data to the registers. 
For the output register, MODE = LOW indicates that the output 
register is being used as a normal register; MODE = HIGH indi- 
cates that the next state of the output register will be obtained from 
the shadow register. For the shadow register, MODE = LOW 
indicates serial data from SDI (see below) is shifted in every 
diagnostic clock; MODE = HIGH switches SDI from a data input to 
a control input See below for details. 
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3) Serial Data In (SDI)— When MODE = LOW, this pin is used for 
shifting serial data in. When MODE = HIGH, SDI serves as a 
control pin. It MODE = HIGH and SDI = LOW, data from the 
output pins will be loaded to the shadow register on the next 
DCLK. MODE = HIGH and SDI = HIGH indicate a reserved 
operation for diagnostic PROMs, and is used for write-back for 
the diagnostic register. 

4) Serial Data Out (SDO)— When MODE = LOW, this pin carries 
the shift-out bit of the shadow register. When MODE = HIGH, 
the SDI becomes a control pin and the control signal should be 
passed along if several diagnostic parts are connected together 
serially. So SDO should carry SDI along in this case 

This standard is being used in designing all current and future 
diagnostic devices. 



Some Applications Examples 

A simple controller can be constructed using Diagnostic PROMs 
together with other functional blocks such as the arithmetic 
logic block and peripheral control. The Diagnostic PROMsserve 
two purposes— sequencing the address of the microinstruction 
and controlling the rest of the system. 

The sequencing field of the control store contains two addresses 
for sequential and jump addressing modes. The selection of the 
next address depends on the current status of the CPU. The 
arithmetic logic block and I/O control will give certain status bits 
which will be selected by the status multiplexer. The status multi- 
plexer is controlled by certain bits of the microprogram control 
word. It should have complementary outputs so that one and only 
one of the addresses will be selected at any time of operation of 
the controller. A PAL® with complementary outputs will normally 
provide a cost effective solution to this multiplexer. 




Figure 7. A simple controller 



A continue statement can be implemented by having both 
addresses programmed to the next sequential address while an 
unconditional jump can be done by programming both ad- 
dresses to the Jump address. 

The control PROMs provide signals to control various functional 
blocks of the controller and other external blocks such as 
memory and I/O. 

Since the other functional blocks such as the arithmetic logic and 
I/O control of the system also have sequential logic, it may be 
necessary to break the loops in those blocks so that diagnosis can 
be done on the whole system. The diagnostic registers can be 
incorporated in those blocks in places such as the registers (say, 
memory address registers, memory data registers, and instruction 
registers, etc.) The diagnostic data and result shitted into and out 
of the CPU can also be shitted through the diagnostic registers. 

Another more detailed example of how the diagnostic parts can 
be built into a system begins in Figure 8. The system consists of 
blocks like CPU, main memory, auxiliary memory, and I/O ports. 
These functional blocks are normally independent of each other 
as far as testability is concerned. 



control! 



ADDRESS BUS 

Figure 8. A typical digital system 



An example of a CPU is given in Figure 9a. The diagnostic parts 
are used to substitute the instruction register, memory data 
registers, status register, memory address registers, and the 
microprogram control store. The only additional block to a 
typical system without diagnostic features is the diagnostic 
controller. The diagnostic controller should be able to supply 
the system with signals like MODE, SDI, DCLK, and the register 
clock (CLK). In other words, the diagnostic controller in itself is a 
supercontroller of the processing unit. It should also be noted 
that all feedback paths, except those for the register files, are 
broken. 
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Figure 9a. A CPU using DPROMs and diagnostic registers 




Figure 9b. Data flow during normal CPU operation 
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Figure 9c. Shifting on of test vector. Dotted iines represent data fiow in the CPU if the 
ioading of test vector is hidden in normai CPU operations 




Figure 9d. After the fast bit of the test data is shifted in, the output registers wiii be ioaded 
with the test vector which wiii be used to test the system (Control the system) 
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DATA BUS 







Figure 9e. The test result is then loaded back Into the output register (Observe the system) 




Figure 9f. The test result is shifted out of the same time the next test vector is shitted in. 

Again dotted lines represent data flow in the CPU if the loading of test vector is 
hidden in normal CPU operations 
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In normal operation, the diagnostic controller will inactivate the 
diagnostic feature by setting MODE = LOW and disabling DCLK 
and have the CLK free running. 

When diagnostics is needed, the following sequence is performed: 



Function Table 



MODE 


SDI 


DCLK 


CLK 


OPERATION 


L 


X 


X 


t 


Normal operation 


L 


B1. 1 


I 


** 


Shift-in bit 1 of first test vector 












L 


B1, n 


t 


** 


Shift-in bit n of first test vector 


H 


L 


★ 


t 


Load first test vector to output 


L 


X 


X 


! 


Load test result to output register 


H 


L 


t 


* 


Load test result to shadow register 


L 


B2, 1 


t 


•k It 


Shift-in bit 1 of second test vector and shift-out test result 












L 


B2, n 


t 


** 


Shift-in bit n of second test vector and shift-out test result 


H 


L 


* 


t 


Load second test vector to output 


L 


X 


X 


t 


Load test result to output register 


H 


L 


t 


* 


Load test result to shadow register 












L 


Bm, 1 


t 


** 


Shift-in bit 1 of last (mth) test vector and shift-out test result 




1^1 








L 




t 


** 


Shift-in bit n of last (mth) test vector and shift-out test result 


H 


L 


* 


t 




L 


X 


X 


t 




H 


L 


t 


* 




L 


X 


t 


X 














L 


X 


t 


X 


Shift-out test result 



t Indicates a rising edge of the corresponding clock. 

* Clock must be steady or falling 

** If diagnosis is to be performed embedded in regular CPU cycle, CLK should also be clocked, if not, CLK should be steady or falling. 



Table 3. Operation of diagnostic ICs In a digital system 
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A block diagram of a simple diagnostic controller is shown in 
Figure 10. The central control unit of this controller may be a 
disk-based unit or even another PROM. Since in normal oper- 
ation MODE remains LOW and only CLK is active, it is possible to 
include a switch in Figure 10 so that the diagnostic controller will 
be inactive (see Figure 11). 




Figure 10. A block diagram of a diagnostic controller 




MOOE 

SOI 

DCLK 

CLK 

SCO 



Some Final Thoughts 

More complicated systems may have co-processors, DMA, I/O 
ports, etc., in addition to the CPU. A top-down approach will be 
very efficient in testing such systems by first locating the defective 
board, followed by the locating of the defective part in that board. 

The diagnostic PROMs and registers can also be used in mini- 
computers, data storage devices, and peripherals. 

Besides being used for diagnostics, the serial shitting feature 
present in a diagnostic component can also be applied to serial 
character generators, other serial to parallel and parallel to serial 
converters, serial code generators, etc. 
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Figure 11. Including a switch to disconnect the diagnostic 
controller from the CPU 
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Fast 64x64 Multiplication 
using 16x16 Flow-Through Multiplier 

and Wallace Trees* 



Marvin Fox, Chuck Hastings and Suneel Rajpal 



Abstract 

The Monolithic Memories SN54/74S556 is a high-speed fully- 
parailel 16x16 multiplier and it provides the entire 32-bit pro- 
duct on a flowthrough basis from a single part, it is available in 
an 84-pin Leadless Chip Carrier (LCC) and 88-pin, pin-grid array 
packages. 8x8 40-pin array-multipliers such as the SN54/74S557/8 
have been availabie for severai years, however there is a large 
parts count for implementing longer wordlengths. 

This paper describes the design philosophy and internal archi- 
tecture of the 'S556 and applications for larger wordlength mul- 



tiplications such as 32, 48, and 64 bits using these multipliers 
and high-speed PROMs and ALUs also available from Monoli- 
thic Memories. 

The system advantages for using the 'S556 over the MPY-16H- 
class multipliers is also discussed: the main advantages being 
the availability of the entire product each cycle and the space 
savings on the board. 



* This paper is a slightiy updated version of the paper by the same name which appeared in the Northcon/83 Professionai Program Session Record, Session 24 
reprint, paper 24/2, 10-1 2 May 1983. A modified version subsequentiy aiso appeared in the Mini Micro West/83 Professionai Program Session Record, Session 14, 
paper 14/2, 8-11 November 1983. 
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2175 Miuion College Boulevard, Santa Clara, CA 95054 Tel: (408) 970-9700 TWX; 910-338-2374 
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Summary 

Multiplication is one basic digital-computer operation which 
can readily be speeded up by employing massive parallelism. 
"Cray multiplication” techniques, first used in large special- 
purpose computers a quarter of a century ago, are now 
commonplace in high-performance systems. 

Essentially, in Cray Multiplication a full adder is placed in 
every position which would be occupied by a partial-product 
bit in a pencil-and-paper binary multiplication example (r1, 
r2). This technique may be applied within an LSI integrated 
circuit, in a system, or in both at once; it may or may not be 
modified by using “Booth-multiplication" approaches (r3, r4, 
r5). 

8x8 40-pin Cray-multiplier integrated circuits have been 
available for several years, with a useful "flow-through” 
architecture. However the parts count tor implementing full- 
blown Cray multiplication with practical scientific-computa- 
tion word-lengths has been quite large. There have, of 
course, been several 16x16 Cray-multiplier 64-pin integrated 
circuits available; however these have been unable, because 
of pin limitations, to furnish an entire 32-bit product in 
parallei. As a result, long-word-length multiplication cannot 
be performed economically on a flowthrough basis using 
these parts; some sort of clocking and multiplexing scheme 
is necessary to use them whenever the word length exceeds 
16 bits, or else they must be duplicated outright. 

Now there is a 16x16 Cray-multiplier part, the Monolithic 
Memories SN54/74S556, which provides the entire 32-bit 
product on a flow-through basis from a single part. The 
S556 has been designed to use the new 84-pin leadless- 
chip-carrier (LCC) and 88-pin pin-grid array packages, rather 
than compromising the architecture of the part because of 
the pin limitations (64 at most) of dual-in-line (DIP) packages. 

This paper describes the design philosophy and Internal 
architecture of the 'S556. It also shows how long-word- 
length multipliers may be built up from arrays of individual 



Cray-multiplier integrated circuits and programmable read- 
only memories (PROMs); the latter are used as "Wallace- 
tree” adders. Part-count and performance comparisons are 
made, for the representative word length of 64 bits, between 
impiementations based on 64-pin 16x16 devices and imple- 
mentations using 'S556s, in two different architectures; one 
which aims at iower cost and is a compromise between Cray 
multiplication and traditional shift-and-add multiplication. 




. . . MULTIPLICATION ... CAN READILV BE SPEEDED UP 
BV EMPLOVING MASSIVE PARALLELISM ..." 



‘S556 Architecture 

The 'S556, shown in Figure 1, is a 16x16 Cray multiplier 
designed with an ultra-high-speed array of 256 adders, inter- 
nally organized to the shift-and-add technique for multiplica- 
tion (r1, r2). In place of the usual ripple-carry adders used in 
multiplier designs to sum up the final product bits, the 'S556 
uses a carry-lookahead adder. 



16-BIT 
V INPUT 



16-BIT 
RU XM X INPUT 




S31 S31 S1^ 

16-BIT 

MSP 

Figure 1 . The S556 Architecture 
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The "flow-through " architecture of the S556 works equally 
well in synchronous or asynchronous pipelined systems. 
Latches are available to hold the input operands and the 
resulting double-length product, to increase the throughput 
rate in pipelined systems. If the designer does not wish to 
use these latches, they may be disabled, and the S556 then 
operates as a pure memoryless arithmetic network. 

The S556 accepts operands in either unsigned or signed 
twos-complement form. When used in pipelined architec- 
tures, the 'S556 is capable of supplying 32-bit products at a 
12.5 MHz repetitive throughput rate. The S556 has three- 
state outputs, controlled by the TRIL and TRIM control 
inputs. 

Rounding-control input pins are provided on the S556 for 
rounding either unsigned or signed operands. Rounding is 
allowed in either of two binary positions, to support either 
fractional-arithmetic" or "integer-arithmetic" positioning of 
a single-length rounded result. 

The more traditional shift-and-add technique was chosen 
for the internal design of the S556 adder network because 
of the compactness, simplicity, and lower power requirement 
of this implementation. The Booth-algorithm approach, which 
groups the multiplier bits to effectively reduce the number of 
rows in the array, was considered (r3, r4, r5). However this 
approach also has penalties, in that it increases the width of 
each row from 16 to 18 bits, and the width of the final adder 
from 18 to 24 bits. Intrinsically, both the shift-and-add tech- 
nique and the Booth-algorithm technique require 31 logic 
delays in the multiplier array using a ripple-carry final adder. 
At this point, the use of a carry-lookahead adder structure 
results in major speed improvements. 




Here again there are tradeoffs. In MSI bipolar circuits, 
carry-lookahead parts are reasonable to construct with scan- 
ning widths of up to 4 bits, with a carry-out available (r5). 
Beyond that, the circuit gets bulky and power-hungry. Paral- 
lel “banking" of 4-bit-adder groups may be used to extend 
this limit, but here again 4 to 5 banks is as far as this approach 
can be reasonably pushed. With parallel banking the 24-bit 
adder required by the Booth-algorithm technique can be 
implemented using 6 banks of 4-bit adders; this exceeds the 
limit of 4 to 5 banks. This shows that the Booth-algorithm 



implementation requires fewer horizontal rows of adders, 
which translates to shorter propagation delays as compared 
to shift-and-add technique; however the final adder in the 
Booth-algorithm implementation is slower than the final 
adder in the shift-and-add technique implementation. 

The 'S556 internal design uses an Emitter-Coupled-Logic 
(ECL) circuit implementation, based on Monolithic Memories' 
new washed-emitter process. ECL was chosen here over 
TTL and Emitter-Follower Logic, both of which have been 
used in previous Monolithic Memories Cray-multiplier 
designs Cr3, r4). Here, ECL also turns out to have the most 
compact circuit-layout form, requiring 82 square mils of chip 
surface area per full adder. Emitter Function Logic (EFL) was 
chosen for one portion of the design, the carry-lookahead 
tree, because it interfaces easily with single-ended ECL 
outputs. All latches are implemented in ECL, to interface 
easily with the TTL/ECL buffers at the inputs and the 
ECL/TTL buffers at the outputs. The input latches introduce 
one ECL delay, but there is zero additional delay at the out- 
puts as the output latches are incorporated right into the 
ECL/TTL translators. 

The 'S556 is a universal multiplier aimed at a flow-through- 
type-processor architecture. Latches are used since regis- 
ters cannot implement a flow-through architecture directly. 

To be sure, the currently-available 16x16 multipliers from 
TRW and AMD, which use 64-pin dual-in-line packages do 
have a feed-through capability on the output registers. This 
capability allows latch-like transparency on the output 
registers, but nowhere else, since the parts are pin-limited 
and input and output data must in some cases share the 
same pins. Such an implementation consumes considerably 
more chip area and power than a purely latch design. 




"...THl 'SSS6 INTERNAL. RESIGN OSES 
MONOLITHIC MEMORIES' NEW 

WASHEP -EMITTER PROCESS..." 



Many users who wish to use registers to achieve pipelined 
operation can find ways to do so using the 'S556s' internal 
latches. Usually pipelining can be achieved by choosing the 
proper phasing and pulse width of the latch gate-control sig- 
nals without resorting to using external registers. Of course, 
external registers may be used when absolutely necessary. 

The 'S556 will be supplied in an 84-pin Leadless Chip 
Carrier (LCC), and also in an 88-pin pin-grid-array package, 
with an integral heat sink. Both Commercial and Military 
grade parts will be available. The pinout is shown in Figure 
2a. A photograph of the 84-pin LCC package is shown in 
Figure 2b. 
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Figure 2a. The S556 Pinout Diagram 




Figure 2b. The S556 84-pin LCC package 



Expansion for Longer Wordlengths 

A major advantage of the ‘S556 is the availability of all 32 
product bits in 100 nsec from the very beginning of a multi- 
ply operation, or every 80 nsec on a repetitive pipelined 
basis. (These times, and others quoted in this paper, are 
worst-case rather than typical.) Thus, the S556 is especially 
suited for longer-wordlength arithmetic units. 

Other commercially-available multipliers, of the TRW 
MPY-16H class, are packaged in 64-pin 900-mil DIPS, which 
require a circuit board area of approximately 1" x 3.25." 
Moreover, these parts operate more slowly in expanded 
configurations, as the most-significant half and the least- 
significant half of the 32-bit double-length product must be 
obtained on two successive clock cycles. 

Totally-Parallel 32-bit Multiplier 

The 'S556. together with PROMs organized in a “Wallace- 
Tree” configuration, can sail along at the rate of four 56x56 
multiplications every microsecond. An unsigned 32-bit multi- 
plication can be performed using 4 S556 multipliers, 11 
63S481A PROMs used as "Wallace-Tree adders” (r1), and 16 
S381 and 5 ‘S182 used to form a 64-bit adder. The multipli- 
ers supply the partial products which are positioned as shown 




in Figure 3. The difference is that only unsigned operands are 
used, and only positive partial products are added. The three 
rows of partial products which overlap are added by using 
PROMs which "compress" these three rows to 2 rows, which 
are then added in the 64-bit adder. The compression technique 
is discussed in greater detail in the description, later on, of the 
64-bit multiply operation. Using the above configuration, an 
unsigned 32x32 multiply operation can be performed in less 
than 1 75 nsec worst-case allowing for a 75-nsec 'S556 multiplier 
delay, a 30-nsec 63S481A PROM delay and a 64-nsec 64-bit 
adder delay. 
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47-32 31-16 


15-0 


4ED ^ — 









= SIGNED 64-BIT ZS COMPLEMENT OUTPUT 

Figure 3. Partial Products for a 32x32 Multiplication 



Alternatively, a twos-complement 32x32 multiplication can 
be performed within 228 nsec using 4 S556s, 18 S381s, and 
7 S182s. This 32x32 multiply operation involves the adding 
up of four partial products as shown in Figure 3. These tour 
partial products are generated in four multipliers; the out- 
puts are XA*YA, XA*YB, XB*YA, XB*YB, where X31-16 = XB, 
X15-0 = XA.Y31-16 = XB, Y15-0 = XA. 

The implementation of this twos-complement 32x32 multi- 
plier is shown in Figure 4. The outputs of the 16x16 multipli- 
ers are connected to two levels of adders to give a 64-bit 
product. The first level of adders is needed to add the two 
central partial products of Figure 2, XA*YB and XB*YA. 
Notice the technique which is used to generate the “sign 
extension” or the most-significant sum bit of the first level of 
adders. The S556 provides as a direct output the comple- 
ment of the most-significant product bit; having this signal 
immediately speeds up the sign-extension computation, and 
reduces the external parts count. 
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INPUTS 




S63-48 S47-32 S31-I6 Sis^ 

OUTPUTS 



* THESE ARE ADDER BLOCKS USING THE S3S1, A 4-BIT ALU FUNCTION GENERATOR, TO PERFORM A HIGH SPEED ADD 
OPERATION. THE’S182 lA A LOOK-AHEAD CARRY GENERATOR AND IT REDUCES THE PROPAGATION DELAY. ALL THE 
ABOVE PARTS ARE AVAILABLE FROM MONOLITHIC MEMORIES INCORPORATED. 

TOTAL MULTIPLY TIME = MULTIPLIER DELAY * ADDER LEVEL 1 DELAY + ADDER LEVEL 2 DELAY = 75 64 7 64 ■ 203 mac 



Figure 4. Implementation of the 32x32 Multiplier 



For example, the inputs to the adder in the most significant 
position are the S31 outputs from the two central multipliers. 
The sign extension of the addition of XA*YB and XB*YA is 

defined as 

SIGN EXT = A.B. + A.C + B.C, where 
A is the most-significant bit of the term XA*YB; 

B is the most-significant bit of the term XB*YA; and 
C is the carry-in to the most-significant bits of XA*YB and 
XB*YA, in the adder. 

The sign extension can be computed as the negation of 
the carry-out term of three terms, A, B, and C. This term 
corresponds to the negative of the carry-out of the bit posi- 
tion just one place to the right of the most-significant bit posi- 
tion of the first level of adders. The negative of the carry-out 
can be generated by presenting a carry-out and a binary 
"one” to the most significant bit of the adder. The generated 
sum bit then corresponds to the negation of the carry-out of 
the previous stage, which is the sign extension required to 
be added to the 16 most-significant bits of the XB*YB partial 
product term. 

The second level of adders, which performs a 40-bit add 
function, is fairly straightforward. These adders can be imple- 
mented using S381 four-bit ALUs and S182 carry-bypasses 
("carry-lookahead generators”) which are available from 
Monolithic Memories, Inc. and from other vendors. 

Other configurations such as 48x48 multipliers can be 
designed using the same methodology. Figure 5 shows the 
alignment of the partial products from 9 ‘S556s for the 48x48 
case. 

Serial'Parallel Multiplier 

In applications where speed can be sacrificed, it is possible 




96-BIT 2S COMPLEMENT OUTPUT 



Figure 5. Partial Products for a 48x48 Multiplication 

to implement an alternative solution using fewer multipliers, 
at some penalty in speed, but still with a very significant 
speed gain over other methods of multiplication. Figure 6 
shows a plausible method of performing a 64x64 multiply 
operation, in four cycles. Each cycle generates four partial 
products, each of which is 32 bits wide; these must be added 
in at the appropriately-aligned bit positions to generate an 
80-bit partial product. In logic external to the multipliers. On 
the next cycle another 80-blt partial product is generated, 
and is added to the previous 80-bit partial product at the 
appropriate alignment offset. Figure 7 shows the 16 32-bit 
partial products aligned appropriately to their binary weight- 
ing, for the entire time-sequenced multiply process. The final 
128-bit product can be obtained from the addition of the four 
80-bit partial products on successive clock cycles. 
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that "deep and short" vectors are compressed to "shallower 
and longer" vectors. What is really being accomplished is the 
addition of several (here 3, 5 or 7] bits having the same 
weight into a simple binary sum; and then the adding up of all 
of these (overlapping) sums, which is normally much easier. 
This two-step summation is performed by a "Wallace-tree- 
adder" arrangement (r1, r2, r3) in which 7 vectors of varying 
lengths are compressed to 2 vectors, and these are in turn 
presented as 2 operands to a single carry-lookahead adder. 
The dots shown in the inverted pyramidal array in the middle 
of Figure 8 represent compressed outputs generated from 
the first level of dots. The lowermost array of dots represent 
the inputs to the adder; these are "compressed” outputs from 
the Wallace-Tree array. 



X — 64-BITS-MULTIPLICANP 



Yi 

16-BITS — 
PORTION OF-;, 
MULTIPLIER 



80-BIT PARTIAL PRODUCT 

THE Y) - PARTIAL 16-BIT OPERANDS Yd. Yg, Yb, Ya ARE LOADED AND 
MULTIPLIED BY THE ENTIRE 64-BIT X OPERAND IN FOUR STEPS TO OBTAIN 
A 126-BIT PRODUCT AS SHOWN IN FIGURE 7. 



For example, group A shown in Figure 8 consists of a 3x3 
column of bits. If all of these bits were binary "ones" then the 
result when they were added would be 3 -f (3.2) -I- (3,4) = 
21, which is representable in 5 binary positions. This is pre- 
cisely what "A1” signifies; a compression of a 3x3 block. A, to 
a 5-bit vector, A1. The compression can easily be achieved 
by using a PROM, with the 9 bits of A as address lines, and 
the outputs as A1. The PROM used in this example is the 
Monolithic Memories 63S481A 30-nsec 512x8 PROM; only 
five of the eight output bits are used. Designers may prefer 
to group the bits in a different configuration from the one 
suggested in Figure 8; many other arrangements are pos- 
sible. For example, one may group another column of three 
bits and thereby reduce a 4x3 block to a 6-bit vector, using 
63S3281S, which are (40-nsec 4Kx8 PROMs); this approach 
would give a different pattern than the one in the middle of 
Figure 8. 



Figure 6. A Serial-Parallel Multiplier Architecture 



Totally-Parallel 64-Bit Multiplier 

A speed-oriented hardware configuration takes the approach 
of using whatever external logic is needed for the very fast- 
est possible 64x64 multiply operation. Figure 7 may be 
applied in this case also; it shows 16 32-bit partial products. 
(For simplicity, will assume that the configuration described 
here deals strictly with unsigned integers, so that the 16 
partial products are unsigned.) Since 16 S556s are being 
used, then the 32-bit partial products corresponding to all of 
the combinations of the partitioned multiplier and the parti- 
tioned multiplicand are all available at the same time. Now 
comes the crucial aspect of the design, which involves add- 
ing all of these bits in at the appropriate binary positions! 

Figure 8 shows the aligned configuration of the partial 
products for a 64x64 multiply operation. Each dot represents 
an output bit of the 'S556, shown at the topmost part of 
Figure 8. To generate the final product, these partial prod- 
ucts must be "compressed!' This compression can be 
achieved by grouping product bits in a logical manner so 



Similar compressions for Group B to B1 can be performed 
using 63S441/1A 1Kx4 PROMs. This configuration com- 
presses five 2-bit vectors to a 4-bit vector, which fits the 
10-bit input address and 4-bit output word of the 1Kx4 
PROM. 




BITS: 127 96 64 0 

Figure 7. Partial Product Alignment for a Serial-Paraiiei Muitipiier 
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Figure 8. Partial Product/Bit Grouping for a Totally Parallel 64x64 Multiplier 



Other compressions shown are C and D groups to Cl and 
D1 respectively. The C group is handled by compressing five 
1-bit vectors to a 3-bit vector. The D group is handled by 
compressing seven 1-bit vectors to a 3-bit vector. The C and 
D groups can be compressed using S141/1A 256x4 PROMs. 
Similarly, groups E, F, G, and H are compressed to El, FI, G1 
and HI respectively. All the above mentioned PROMs are 
available from Monolithic Memories. 

The second level of dots has some groups of four columns. 
These four-column groups contain 3 bits in the least- 
significant bit position, and 2 bits in the remaining columns. 
These 9 inputs can be compressed using a 63S481A 30- 
nsec 512x8 PROM, to a vector 5 bits wide. For parts-counting 
purposes, the same 63S481A PROM type is used tor all the 
compressions in the middle of Figure 8. 

To aid users in the programming of PROMs for these and 
other Wallace-tree applications, or in fact any other applica- 
tions exploiting PROMs as logic elements, Monolithic Mem- 
ories provides Programmable Logic Element ASseMbler 
(PLEASM), a portable computer program written in FOR- 
TRAN. PLEASM provides a simple method tor generating a 
PROM truth table. The user has only to supply equations 
which define the arithmetic/Boolean function needed within 
the PROM; PLEASM does all the drudgery of figuring out 
the code values which are needed in each PROM location. 

Sample PLEASM source codes are shown at the end of 
this paper. For example, the entire 1Kx4 PROM which 
reduces the five 2-bit vectors to a 4-bit vector can be 
specified, using PLEASM, in 15 or fewer lines of code. With- 
out PLEASM or its equivalent, the user would have had to 
specify the contents of 1024 PROM locations, after comput- 
ing the corresponding code values for those locations. 



Performance Comparisons 

The bottom line for any hardware-architecture analysis is 
how fast the system runs, and what it costs in circuit-board 



real estate and dollars. With this understanding, a perfor- 
mance table is derived, based on three configurations. 

The first is the configuration of Figure 7, using 4 S556 
multipliers; the entire multiplication takes four clock cycles. 
In addition to the multiplier ICs, a 64-bit adder is needed for 
the four partial products, which effectively furnishes a 80-bit 
partial product on every cycle. A 64-bit adder can be used to 
do the addition, since the least-significant partial-product 
bits are available directly. The 80-bit partial product has to be 
shifted 16 bits and then added to the second 80-bit partial 
product, which implies a need for a 64-bit register and an 
80-bit ALU, which together serve as an accumulator. 

The second configuration is the totally-parallel design 
using 16 S556 multipliers plus PROMs and ALUs, shown in 
Figure 8. 

The third configuration uses TRW-MPY16H-class 64-pin 
16x16 multipliers. The entire 32-bit product of an MPY-16H 
is available on two successive clock cycles, as the product 
lines are shared with the incoming data. An additional 145 
nsec is added to the MPY-16H time to allow tor the neces- 
sary clocking and multiplexing steps to occur; effectively, 
the operands cannot be pipelined at one clock cycle as may 
be done in the S556 architecture. Even if the pin-compatible 
Am29516 multiplier is used, a cycle is still wasted, as two 
cycles are needed to clock the entire multiplier. 

There is one way around this problem, when using the 
Am29516 multiplier; twice as many multipliers are used, and 
a pair of adjacent multipliers receive the same input oper- 
ands. One multiplier of the pair then outputs the least- 
significant half of the product, and the other multiplier of the 
pair outputs the most-significant half of the product; thus, 
the two paired Am29516 64-pin DIPs are functionally a quasi- 
equivalent of the 84-pin S556, albeit they require many 
times the circuit board area. 

The analysis in the Table 1 assumes the use of 16 MPY- 
16HJ multipliers. 16 16-bit registers are needed to hold the 
16 halves of the various different partial products. After the 
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tion is applicable to this case as well. In terms of speed, it is 
assumed that the MPY-16HJ multiplier configuration takes a 
clock cycle (145 nsec), more than the computed delay. The 
computed delay in this case is that of the MPY-16HJ in its 
feedthrough mode, followed by that of the compressor array 
of Figure 8. 



Multiply 

Configuration 


Speed 


Components Used 


64x64 Multiply 
Serial-Parallel 


4x215 nsec 


4 'S556s 
36S381S 
11 SI 82s 
8S374S 


64x64 Multiply 
Totally-Parallel Using 
S556s 

(84-pin packages) 


226 nsec 


16S556S 

27 63S481As(512x8) 
1663S441s(1Kx4) 
33 63S1 41s (256x4) 
32 S381S 
1 1 'S382S 


64x64 Multiply 
Clocked Parallel 
Using MPY-16HJ 
(64- pin packages) 


481 nsec 


16MPY-16HJ 

32 S374S 

27 63S481s(512x8) 
16 63S441s(1Kx4) 

33 63S1 41s (256x4) 
32 S381S 

1 1 S382S 



Tablet. Performance Comparisons 



The S556 16x16 multiplier is an excellent building block for 
longer-wordlength multipliers. It is useful in graphics 
systems, array processors, minicomputers, and large main- 
frame computers. It surpasses the currently-available 64-pin- 
DIP multipliers in that the entire 32-bit product is available 
on every clock cycle. 

Some configurations which use S558-type 8x8 multipli- 
ers as building blocks for a 56x56 multiplier are discussed in 
r1 and r2. 
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Appendix -Sample PLEASM Source Listing-To Reduce Group B In Figure 8 

PLE10P4 PLE DESIGN SPECIFICATION 

P5020 VINCENT COLI 08/22/83 

FIVE 2-BIT INTEGER ROW PARTIAL PRODUCTS ADDER 

MMI SANTA CLARA, CALIFORNIA 

.ADD AO A1 BO B1 CO Cl DO D1 EO El 

•DAT PO Pi P2 P3 



P3,P2,P1,P0 = A1,A0 .+, B1,B0 .+. Cl, CO .+, D1,D0 .+. E1,E0 ; P = A+B4C+D+E 



FUNCTION TABLE 



A1 AO 


B1 


BO Cl 


CO D1 


DO El 


EO P3 


P2 PI PO 














;AA 


BB 


CC 


DD 


EE 


PPPP 


COMMENTS 














:10 


10 


10 


10 


10 


3210 


A + B + C 


+ 


D 


+ 


E 


= 


p 


LL 


LL 


LL 


LL 


LL 


LLLL 


0+0 + 0 


+ 


0 


+ 


0 


= 


0 


LH 


LH 


LH 


LH 


LH 


LHLH 


1 + 1+1 


+ 


1 


+ 


1 


=s 


5 


HL 


HL 


HL 


HL 


HL 


HLHL 


2 + 2 + 2 


+ 


2 


+ 


2 




10 


HH 


HH 


HH 


HH 


HH 


HHHH 


3 + 3 + 3 


+ 


3 


+ 


3 


= 


15 



DESCRIPTION 

THIS PLE10P4 PERFORMS PARTIAL PRODUCTS REDUCTION FOR WALLACE TREE 
COMPRESSION. FIVE ROWS OF 2-BIT NUMBERS (Al-AO, Bl-BO, Cl-CO, 
Dl-DO, AND El-EO) ARE NUMERICALLY SUMMED TO PRODUCE A 4-BIT RESULT 
(P3-P0) . 



A1 AO 
B1 BO 
Cl CO 
D1 DO 
+ El EO 

P3 P2 PI PO 



4-BIT 

RESULT 



FIVE 

2-BfT 

INTEGERS 



FIVE 2-BIT INTEGER ROW 
PARTIAL PRODUCTS ADDER 



PLE10P4 
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PROMs yield delayed pulses 



Rick Wesrner 

Storage Tech Corp, Louisville, CO 



If you need a highly accurate, delayed pulse with 
adjustable width, the circuit shown in the figure will do 
the job. The circuit can operate at repetition rates as 
high as 20 MHz, a limitation set by the bipolar PROMs’ 
access time (in this case, 50 to 60 nsec) and the counters’ 



maximum clock rate (32 MHz for the example’s 
74LS193). To generate a delayed pulse from the original 
input pulse, program the PROMs to yield a logic Low 
upon reaching the desired delay count and a logic High 
at the end of the delayed pulse’s period. 

The delay count equals the desired delay divided by 
the clock period. In the schematic shown, you need an 
OR gate because PROM A goes through several 
intermediate counts before both counters attain the 
final delay count. To set up your desired pulse width. 




PROM A PROM B 



ADDRESS 1 


1 


OUTPUT 






I OUTPUT 








Ei 


m 


El 


HEX 


HEX 




El 


El 


El 


El 




pRii 


1 


1 


1 




1 


B 






1 


1 


1 


0 


W 


^9 


249 


1 


1 


m 


0 


E 






1 


1 


0 


1 


1 ^ 



ALL OTHER ADDRESSES ARE PROGRAMMED WITH OUTPUTS HIGH (F). 



Obtain accurate pulse delays and widths with this PROM-based circuit. The circuit operates with clock rates as high as 20 MHz 
and allows you to program very precise pulse parameters. You can extend the scheme's capabilities by adding more courrters and 
additional PROMs. 









program the second output from the PROMs (Q 2 ) to 
generate another pulse that represents the added delay 
(equal to the desired delay plus the pulse width). 

These two pulses then serve to set and reset a flip 
flop that generates a delayed pulse with the pro- 
grammed width. You can obtain additional pulses by 
using the PROMs’ other two outputs. The feedback 
resets the circuit so that the next input pulse can start 
the delay counting again. A specific program example is 
shown in (b). 

The design has several modification possibilities. If 
you need a longer delay (without sacrificing accuracy), 
you can add more counters and PROMs. Moreover, an 
8-output PROM allows the generation of more delayed 
pulses. If you need smaller pulse widths or more 
accurate delays, you can disconnect PROM A’s Ao 



address line and shift lines Ai through A« one line to the 
left in the schematic. This action allows the determina- 
tion of a new set of delay counts, effectively doubling 
the input clock-rate capability. 

What are the limitations of this circuit? First, 
because all address inputs must change simultaneously, 
the circuit demands synchronous counters. Second, you 
shouldn’t use large-capacity EPROMs, because their 
increased access time reduces the maximum clock rate, 
thus reducing the accuracy of both the delay and the 
pulse width. EDH 
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